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e high boiling solvents for resins, dyes, and inks? 


ETHYL 
BENZOATE 


e ingredients for perfumes? 0 


e ready sources of benzoic acid via ester exchange? 


then check these ALKYL BENZOATES 


n-BUTYL 
ISOPROPYL BENZOATE 


BENZOATE 0 

cHo—¢ 


Isopropyl! benzoate is available NOW in commercial 
quantities; ethyl and buty! benzoates in development quan- 
tities. Another member of the series, methyl benzoate, is 


available in research quantities. 

For trial samples or for technical assistance, call or write 
the nearest Carbide and Carbon Chemicals office today. Ask 
for our technical bulletin “Alkyl Benzoates.” (F-75889). Tt 
provides you with additional data and is a permanent 
reference for your work. 


CARBIDE ano CARBON 
CHEMICALS DIVISION 


Union Carbide and Carbon Corporation 


physical properties 


30 East 42nd Street New York 17, WY. 


Methyl! 
Benroate 


Ethy! 
Benzoate 


lsopropy! 
Benroate 


Molecular Weight 
Specific Gravity 
Boiling Point, °C. 


Vapor Pressure at 


20° C., mm. Hg 
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1.088 
198.9 
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SWEEP DIFFUSION GAS SEPARATION PROCESS—Part I! VIBROX PACKERS speed- 
M. T. Cichelli, W. D. Weatherford, Jr., and J. R. Bowman. ily settle dry, flaked, granuler, 


or powdered materials in pails, 
PRODUCTION OF ETHYLENE BY AUTOTHERMIC CRACKING drums or barrels. Their smooth, 


R. M. Deanesly and C. H. Watkins continuous vibrating-rocking mo- 


TEMPERATURE GRADIENTS IN GAS STREAMS FLOWING THROUGH 
FIXED GRANULAR BEDS 


GUMP-BUILT quality insures 
C. A. Coberly and W. R. Marshall, Jr dependable, cost-free performance 


BOILING COEFFICIENTS OF HEAT TRANSFER FOR C, HYDROCARBON- ed 


May we send you complete 
W. E. Bonnet and J. A. Gerster = iefegunetion® 
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DRAVER MASTER Continuous Mixing 1 
Systems for accurate, efficient, uni- 

term mixing. 
VIBROX PACKERS for packing down ' 
dry meterials in begs, drums, barrels. 1 
AUTOMATIC NET WEIGHERS for 
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FOR BETTER 
SAFER HANDLING 
OF CHLORINE 


Cc RAN E FORGED STEEL 


GLOBE AND ANGLE VALVES 


Made exclusively for chlorine gas and liquid lines, Crane 
Forged Steel Globe and Angle Valves give safe and dependable 
service under all working conditions. Body and bonnet mate- 
rials are more than strong enough to withstand severe internal 
and line stresses...trim metals are the most practical and 
efficient for combating the corrosive action of chlorine. For a 
point by point analysis of these performance-proved Crane 
Chlorine Valves, see the features below. 


PRESSURE-TIGHT CLOSURE— 45° narrow bearing seat gives high 
unit pressure to break down hard deposits on seating surfaces; 
assures tight closing. 


TIGHT STEM SEAL—Deep stuffing box is filled with chlorine service- 
tested packing. Can be repacked under pressure when valve 
is wide open. 


EXTRA TIGHT BONNET JOINT— Male and female bolted bonnet 


joint retains corrugated soft Monel gasket; reduces danger of 
leaks. 


PREFERRED CORROSION-RESISTANT DESIGN—Outside Screw 
and Yoke construction keeps stem threads out of contact with 
line fluids, simplifies thread lubrication. 


TESTING —These valves are specially tested at 300 pounds air- 


under-water. 


SEND FOR CIRCULAR No. 320 
For further information about these and other a 
Crane corrosion-resistant valves—ask your Crane 
Representative or write for your copy of Corro- 
sion-Resistant Piping Materials Circular No. | 
320. No obligation. 


CRANE 


CRANE CO., 836 S. Michigan Ave., Chicago 5, III. 
Branches and Wholesalers Serving All Industrial Areas 


FORSZD 
Sy 


No. 1644, Forged Stee! 
Globe for water-free chlorine services 
up to 300° F. Sizes: %4 to 2-in. 
Also in Angle patterns, No. 1645 


CRANE QUALITY MATERIALS 


Triplex steel 
bonnet bolt 
studs. 


Corrugated 
Seft Menel 
mete! gosket. 


Corresion- 
Resistant 


Hastelley"C” 
body seat 


bon steel 
body, bon- 


rings, disc, > net, and 
disc-stem 


EVERYTHING FOR EVERY PIPING SYSTEM 


CRANE 


VALVES + FITTINGS + PIPE » PLUMBING AND HEATING 


Cross-section No. 1644 
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THREE NEW BAKER PERKINS 
MACHINES FOR BETTER 
CHEMICAL PROCESSING 


— 


4 TYPE HS-36 BAKER PERKINS “ter meer” UNIVERSAL 
CENTRIFUGAL for filtering solid-liquid slurries. 
®@ Capacity — 4500 Ibs. per hr. (Dependent on material) 


SIZE S-15 BAKER PERKINS “ter meer” CONTINUOUS CEN- 
TRIFUGAL for centrifugation of free draining crystalline, 
gronular and fibrous materials of all types. 

© Capacity — 6000 Ibs. per hr. (Dependent on ial) 
@ Drum speed — 450 X G Constant speed 

© 20 HP single motor drive 

© Drum diameter 15 inches 

© Operates with continvows feed and discharge 

Lower Power input. 


BAKER PERKINS INC., CHEMICAL MACHINERY DIVISION, SAGINAW, MICHIGAN 
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‘ 
Construction as desired . . . alloy, rubber lined or 
iron and steel. Either fume or vapor tight. 

SIZE 16 JYEM2 UNIVERSAL MIXING AND KNEADING MACHINE | + 
Capacity 150 gallon working, 225 gal. total 
Trough of fabricated steel jacketed for 80 Ib. steam pressure. i 
Vaulted, hinged ond counterbalanced vopor-tight cover with 


Whether the critical pressure of your process is full vacuum, 
80,000 psi, or any range between . . . the complete diversity 
and engineering quality of Foxboro Instruments provide a 
means to measure or control it with highest accuracy and 
reliability. Add to this an unequaled experience in applying 
instruments to solve processing problems, and you have the 
reason for Industry's preference for Foxboro Pressure 
Instrumentation. 


INDICATORS - RECORDERS - CONTROLLERS 
TRANSMISSION SYSTEMS - CONTROLLED VALVES 


OXBOR 


Reg. U. S. Pat. Off. 


For over 40 years, specialists in the measurement and control 
of temperature, pressure, flow, liquid level, humidity . . . 


THE FOXBORO COMPANY ~ FOXBORO, MASSACHUSETTS, U.S.A. 
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HERE’S VACUUM PERFORMANCE! 


In vacuum processing performance counts — and no 
pump can give you better performance than a Kinney 
Vacuum Pump. High pumping speeds, efficient use 
of power, extremely low ultimate pressures, and 
dependability that’s unsurpassed — these are the 
reasons why you'll find Kinney Vacuum Pumps in 
such a large percentage of all vacuum processes. 
Kinney Pumps help to create the low absolute pres- 
sures needed to produce light bulbs, electronic tubes, 
vitamin concentrates, penicillin, malleable titanium, 
dehydrated foods, costume jewelry, and scores of 
other up-to-the-minute products. Whether your prob- 
lem involves laboratory, pilot plant, or full scale 


production, it will pay you to get Kinney Vacuum 
Pumps. Kinney engineers will gladly show you per- 
formance records of Kinney Pumps on jobs like your 
own. Send coupon for complete details today! 
KINNEY MANUFACTURING COMPANY, Boston 30, 
Mass. Representatives in New York, Chicago, Cleve- 
land, Houston, New Orleans, Philadelphia, Los 
Angeles, San Francisco, Seattle. 

FOREIGN REPRESENTATIVES: General Engineering Co. (Rod- 
cliffe) Uid., Station Works, Bury Road, Radcliffe, Lancashire, 
Englond . . . Horrocks, Roxburgh Pty., Ltd., Melbourne, C. |. 
Australia . . . W. S. Thomas & Taylor Pty., Ltd., Johannesburg, 


Union of South Africa . . . Novelectric, Ltd., Zurich, Switzerland 
+++ CLRE, Piazza Covour 25, Rome, Italy. 


SEND COUPON TODAY. 
KINNEY MANUFACTURING CO. 

3546 WASHINGTON ST., BOSTON 30, MASS. 
Gentlemen: 
Please send illustrated Bulletin V45. We are interested in: 

Vacuum distillation 
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SHORT-TIME TENSILE PROPERTIES 


A 


OF ARE 


on 


T, ELONGATION 


SHEET, 0043 IN. THICK, 
ANNEALED AT 2200 DEG. F 


HELD AT TEST TEMPERATURE N 
FOR 1/2 HOUR PRIOR TO LOADING.‘ 


CROSS HEAD SPEED, 005 IN. PER MIN, 


HAYNES TEST TEMPERATURE, DEG. F. 


TRADE. MARK 


Alloy No. 25 STRESS-RUPTURE CHARACTERISTICS 


PER CEN 


REOUGTI 


1500 


1600 


STRONG up to 1800°F. without aging 
DUCTILE at room temperature 


1800 

HAYNES alloy No. 25 is a new wrought high- | ee 
temperature alloy that has exceptional ~ ANNEALED CONDITION 
mechanical properties at temperatures up 
to 1800 deg. F.—in the fully annealed con- 
dition without subsequent aging. Yet this 250 ©6500 1000 2500 50 
alloy is easy to fabricate because it has : 
excellent ductility at room temperature. 
This combination of properties makes 


_ HAYNES alloy No. 25 an ideal materia! for Consult our nearest office for $i ing data j tetance ta 
the construction of highly stressed parts 


penhaienneaae atin solving your high-temperature problems with Haynes alloy No. 25. 
of Physical and mechanical properties of the other 9 Haynes high- 
high-tem was temperature alloys are given in tabular and graphic form in the 
veloped a weeught matestal to withstand booklet, “‘Haynes Alloys for High-Temperature Service.’’ Data 

@ minimum stress of 6,000 Ib. per sq. in. on short-time tensile properties, stress-rupture, creep test, endur- 
for 100 hours at 1800 deg. F. It is available ance properties, and fabrication procedures are included. Write 
_as sheet, plate, bar stock, and tubing. to Baynes Stellite Division, UCC, 71? S. Lindsay St., Kokomo, Ind. 


Los Angeles — New York — Sen Francisco — Tulse 


STRESS, 1000 PS! 


| 


The tode-mork “Hoynes” distinguishes products of Union Corbide onc Carbon Corporotion. 
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GIRDLER 
HYDROGEN 


© YOU USE HYDROGEN for 
chemical processes? Mrs. 
Tucker's Foods, Inc., of Sherman, 
Texas does...and economically, too. 
Large quantities of high-purity 
hydrogen are needed for hydro- 
genating the vegetable oils used in 
Mrs. Tucker's shortening. Mrs. 
Tucker's Foods cuts costs by produc- 
ing hydrogen with a HYGIRTOL* 
Plant furnished by Girdler. 
The HYGIRTOL Plant produces 
hydrogen of purities up to 99.8% 


.....-manufactures | 
hydrogen for processing 
fats and oils 


at the lowest cost of all commercial 
methods. As process material and 
fuel, natural gas, propane, or butane 
can be used. These hydrocarbons 
are reasonable in cost, readily avail- 
able, easy to handle. 

Operation of the HYGIRTOL 
Plant is practically automatic, 
instrument-controlled and hydro- 
gen is produced continuously at any 
desired rate. Operation is safe, quiet 
and clean. Only one operator per 
shift is required. 


If gas processing is a problem 
in your operations, let us help you, 
too. The Girdler Corporation, Gas 
Processes Division, Louisville 1, Ky. 


The Girdler Corporation designs 
and builds plants for the pro- 
duction or purification and util- 
szation of chemical process gases, 
the purification of liquid or gase- 
ous hydrocarbons, the manufac- 
ture of organic compounds. Write 
for bulletin. 


*HYGIRTOL t « trade mark of The Girdier Corporation 


CORPORATION 
Gas Processes Division 


ROLE 
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Keeping Their 
Powder Dry 


Absorption of too much moisture causes lime, soda ash 
and magnesium oxide to cake. Because of its sealed, 
weather-tight casing, the REDLER elevator-conveyor 
proved to be a practical answer to the needs of this 
Louisiana plant where high humidity prevails. In pro- 
viding a smooth, trouble-free flow of materials in spite 
of atmospheric conditions, the REDLER with its en- 
closed feature also avoids spillage of materials and pre- 
vents contamination. 

This installation is typical of the many special-pur- 
pose, individually “tailored” materials handling systems 
that S-A engineers have been designing for nearly half 
a century. This cumulative experience has contributed 
to constant improvement in methods and equipment. 


In working out your handling problems, you can draw 
on the experience of S-A engineers in practically every 
type of industry. In this way, you assure maximum 
handling efficiency at lowest cost per ton— particularly 
where difficult conditions exist. Write today. 


STEPHEN Se DAMSON 


CiT-CON OIL CORPORATION 
LAKE CHARLES, LA. 


Water-treating chemicals are picked up from under a 
small track hopper by a horizontal REDLER conveyor, 
54 feet long, and conveyed on a slight incline to a 
transfer point. There the loop-hoot REDLER elevator- 
conveyor receives and elevates them up the side of a 
50-foot high storage tank. Materials are then conveyed 
horizontally for 54 feet over three adjacent storage 
tanks, where they can be discharged through gate-con- 
trolled chutes into the desired storage tank. This REDLER 
system is geared to handle from 5 to 7 tons per hour 
and is self-cleaning. 


57 Ridgeway Avenue, Aurora, lilinois 69° Los Angeles, Calif. © Belleville, Ontaric 


DESIGNERS AND MANUFACTURERS OF ALL TYPES OF BULK MATERIALS HANDLING EQUIPMENT 
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(A Quick Quiz on modem pH advancements ) 


you 
these important facts 
tis BECKMAN 


Until Beckman pH instruments were developed, ex a] 
elecirode pH equipment was a cumbersome, complicated * 
ratory curiosity. It was Beckman that pioneered today's 
simple, compact, highly accurate and completely 
glass electrode pH equipment! 


Such far-reaching advancements as glass electrodes - / 

that can be used at temperatures as high as 130° C, and show aa glass 
«+. glass electrodes that can used at temperatures as — - °. 

C and will withstand repeated freezing . . . glass elec- of the electrode assemblies available for use 
trodes so strong they on axe be ane | as stirring eomenee 
abrasion-resistant they readily withstand long service in abra- : ; 4 

sive slurries . . . these and other vital glass electrode advance- line 
ments were all pioneered by Beckman. Many of these advance- glass electrodes for use wi kman pH instruments—a 


ments are still available exclusively in Beckman equipment! SS alae to — every industrial, 


Included in the complete Beckman line are instru- 
ments specially designed to combine the high precision and 
wide versatility necessary for advanced research, medical and 
laboratory applications . . . others that combine maximum 
simplicity and high accuracy with complete portability for There is pH wherever there's water, water solutions, 
plant and field applications . . . still others that combine moist pastes, slud slurries or other i ining 
maximum simplicity and high accuracy with the BD gy substances. And ever there is pH, chances are the 
convenience of full AC operation . . . plus completely auto- tion can be done better . . . with greater uniformity less 
matic pH equipment for continuous pH indication, recording waste at lower overall cost . . . by Beck ling the 
and control on large-scale processing applications. pH of the various processing operations. 


WL. you manufacture food products or treat sewage 


...do metal plating or refine crude oil... make textiles or 
process ore—in fact, no matter WHAT your field of operation ... 
if you bave not yet determined whether Beckman pH Control 
can be used to advantage in your operations — possibly is already 
BEING wssed to cut costs by your competitors—let us study your 
processes and make helpful recommendations. No obligation, of 
course. BECKMAN INSTRUMENTS INC., SOUTH PASADENA. 35 
CALIFORNIA. Factory Service Branches: New York, Chicago, 
Los Angeles. 


Fer an informative, non-technical ovtiine of modern pH control — whet it is end hew 
it's used — send for this free booklet “What Every Executive Should Knew About pit.” 


M! \|GNSTRUMENTS CONTROL MODERN INDUSTRIES 


pH Meters and Electrodes — Spectrophotometers — Rodicactivity Meters — Special Instruments 
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That Cote That Beckman also provides the 
ment industry's most complete line of 
pH equipment modem glass electrodes ? 
© | That Beckman offers the industeys i. 
pH instruments 7 tor Beckmen pH 
\ you mey be losing importent 
Qu, 
: 


where are your $ $ $’s? 


in the liquid phase, or 


in the solids phase of the slurry ? 


The Sharples Super-D-Canter is a centrifuge developing 
high centrifugal force (2100 x g) which makes it possible 
continuously to: 


efficiently removes undesirable solids from the valuable 
liquid, with minimum loss of mother liquor. In many 
other cases valuable solids are removed from useless 


Recover and dewater crystalline type solids liquids; or, both usable solids and liquids are separated. 
Remove amorphous solids from suspensions Slurries containing from 1% to 20% or more solids can 
be handled by the Super-D-Canter, with solid particles 


from ‘9’ down to several microns in size. Both solids and 


. Classify solids by particle size 
. Clarify liquids 

Rough out prior to final clarification or liquids are discharged continuously. 
separation The Super-D-Canter is doing a big job around the world 


In the typical installation below, the Super-D-Canter Get the facts in Bulletin 1254. 


Super-D-Canter in chemical processing at Hooker Electrochemical Company, Niagara Falls, N. TY. 


SHARPLES 


( (Gis THE SHARPLES CORPORATION « 2300 WESTMORELAND STREET, PHILADELPHIA 40, PENNA. 


NEW YORE ¢ BOSTON © PITTSBURGH © CLEVELAND ¢ DETROIT « CHICAGO ¢ NEW ORLEANS © SEATTLE « LOS ANGELES « SAN FRANCISCO e HOUSTON 
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The Struthers Wells Crystallization Laboratory 


Struthers Wells Laboratory Unit is Available for Use in Studying Your Crystallization Probl 


The Struthers Wells laboratory unit—employing the 
same basic principles of crystallization as featured in 
our Krystal crystallizers—is available for your use 
in studying your crystallization problems. Made of 
316 stainless steel and pyrex glass, the equipment 
can handle a wide variety of corrosive materials. 

Illustrated above is the pyrex glass suspension 
container with salt trap, heater (or cooler), instrument 
panel and vacuum pump. The vaporizer (not shown) 
is mounted above the suspension container. 

Here are examples of a few types of crystallization 
performed in our laboratory: 


WRITE FOR BULLETIN 50-A 


1. Crystallization of salts having an inverted solubility. 
(Anhydrous sodium sulphate, gypsum) 


2. Crystallization of salts having a slight increase in 
solubility with increase in temperature. (Sodium 
chloride) 


3. Crystallization of salts having a substantial in- 
crease in solubility with increase in temperature. 
(Copperas, sodium nitrate) 


Why not take advantage of our laboratory facilities 
and get the answer to your crystallization problems 


Laboralory Tesling Service 


STRUTHERS WELLS CORPORATION 


Crystallizer Department... Warren, Pa. 


PLANTS AT WARREN, PA. - TITUSVILLE, PA. 
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Pictured above is a Pritchard designed plant recently completed tor the separation 
of quality grade monochlor and dichlor benzene from crude chlorinated benzenes. 


For Superiority of Product 
Depend on 
Pritchard Designed Plants 


Superiority of product ... maximum plant efficiency and 
ease of operation...longer periods of “on stream” operation 
with freedom from maintenance troubles — these are the 
things for which Pritchard chemical plants are becoming 
known and talked about throughout the industry today. 


Pritchard's services are flexible. For those who desire com- 
plete “turnkey” service to include everything from analysis 
of requirements to final operating tests, Pritchard offers its 
single responsibility contracts. For those who desire to sup- 
plement the work of their own permanent engineering 
staff and relieve them of the extra work load of new plant 
design, engineering, procurement or construction, Pritchard 
stands ready to assist them as the project may require. 


You are invited to make use of Pritchard’s diver- 
sified experience in the chemical field to make your 
next plant construction, modernization or exten- 
sion outstanding in the industry. 


WRITE FOR FREE BULLETINS 


Dept. No. 67 908 Grand Ave., Kansas City 6, Mo. 


District Offices: 
HOUSTON ST. LOUIS CHICAGO PITTSBURGH TULSA NEW YORK 
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It keeps the RED from the WHITE and the BLUE 


FasricaTep entirely of stainless 
steel, the 60” diameter by 32’0” dryer 
pictured above is probably one of the 
most costly direct heat rotary dryers 
(of its size and weight) ever built. 

The entire interior, including the 
flights, is polished to a mirror like satin 
finish, and is easily accessible for thor- 
ough cleaning. Both the feed and dis- 
charge breechings, complete with their 
air-tight inspection doors and labyrinth 
seals, are also stainless steel, polished 
to a satin finish on the inside. 

To assure a satisfactory product free 
from contamination, the air used in 
drying is first filtered through an air 


ARTLETT 
- SNOW 


CLEVELAND 5, OHIO 


filter. This air on leaving the dryer 
goes to a cyclone dust collector of 
Bartlett-Snow’s special high efficiency 
design. This equipment also is of stain- 
less steel construction, and polished, 
and all parts of the equipment are 
enameled on the outside as a further 
aid in preventing contamination. 


Engineered, designed, and com- 
pletely fabricated in our extensive 
machine and structural shops, this 
dryer — built to prevent any possible 
mixing and spoilage, between different 
batches —and colors—of a well known 
plastic, reflects the ability of Bartlett- 
Snow engineers to meet even the most 
exacting heat engineering problems. 


DRYERS COOLERS CALCINERS 


Our wide experience and highly 
technical, mathematical approach to 
every dryer problem is your assurance 
that the diameter and length of the 
shell, the pitch, the rate of feed, the 
time of passage, the method of firing, 
and all other specifications of the 
equipment recommended will be ex- 
actly suited to your particular and 
individual requirements. Send for 
Bulletin No. 89,—and let the Bartlett- 
Snow heat engineers work with you 
on your next heat engineering prob- 
lem. The C. O. Bartlett & Snow 
Company, Cleveland 5, Ohio. Engi- 
neering representatives in New York, 
Baltimore, Detroit and Chicago. 


KILNS 


Destgning and Contracting Engineers 


COMPLETE MATERIAL HANDLING EQUIPMENT FOR ANY REQUIREMENT 
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No. 1—RESISTIVITIES 


OTHER MATERIALS 


Me 2 


Na,PO.1tHO 


Nw 


NR 


— Remetant ot Pom 


NR Not 


How Pfaudler Glass-Lined Equipment 


Can Solve Your Procurement Problems 


As fabricators of process equipment made of 
many types of corrosion resistant materials, 
Pfaudler is well aware of shortages that are 
developing. But lack of certain alloys and 
metals need not stymie your procurement 
or expansion plans. 

As you will note from the chart above, 
Pfaudler acid resisting glass-lined steel is 
equally or even more corrosion resistant 
than many critical materials. Pfaudler glass 
is basically a borosilicate glass which is 
highly resistant toward all acids, except 
hydrofluoric, up to elevated temperatures. 
Its corrosion resistant properties have been 
constantly improved over the past 67 years. 
New firing techniques make it possible to 
fuse this glass to more intricate and larger 
shapes than ever before. 


From the standpoint of p ing flexi- 
bility alone, no other material of equipment 
construction offers as much as Pfaudler 
glass. Costwise it will compare favorably 
with practically any other corrosion resist- 
ant material. Pfaudler has done much to 
make this possible by designing standard 
lines of both low pressure and high pressure 
reaction equipment. Through the use of 
glass covered impeller agitators in combina- 
tion with adjustable baffles, almost any de- 
gree of mixing action can be obtained. 

Bring yourself up-to-date on Pfaudler 
glass-lined equipment and Technical Serv- 
ices—see the Pfaudler insert in the latest 
edition of CHEMICAL ENGINEERING CAT- 
ALOG. Or if you prefer, use the coupon be- 
low. Your inquiry will get prompt attention. 


THE PFAUDLER CO., Dept. CEP-3, Rochester 3, New York 


Lined Equipment—send me Bulletin 880. 


THE PFAUDLER CO., ROCHESTER 3, 
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ATORS OF CORROSION RESISTANT PROCESS EQUIPMENT 
L—Hastelloy + Tantalum . 


Hydrochloric Acid | ne | | NR nr | Rt NR 
na Hydrochloric Acid | Ns 3.50%] | | R* | NR wr | Rt NR 
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CONSIDER THE ANT 


ECENTLY, in a tropical forest, | saw a procession 

of small green objects like little flags moving slowly 
in a long line across obstacles in a rough terrain. Closer 
inspection showed that they were ants, each carrying a 
section of green leaf several times larger than itself. 
These leaf-cutting ants denude whole trees to make an 
underground compost for the culture of a certain fungus 
on which they feed. Their system is highly refined for 
they know how to eliminate unwanted bacteria and 
strains of fungus unsuited to their use. Some ants even 
make slaves of other insects. 

My thoughts turned to the proverbial industry of 
ants and to the nature of life in such a community. Its 
marvelous organization of which we have but slight 
understanding excites our wonder. It seems to be engi- 
neering in a high state of development, but viewed from 
the standpoint of the individual creature it is a routine 
from which he cannot deviate except at the immediate 
risk of his life. 

The practice of chemical engineering develops proc- 
esses by which matter undergoes changes under a rigid 
system of control which aims at the elimination of any 
deviation from optimum conditions of time, tempera- 
ture, proportion of reactants, or other conditions which 
affect quality or cost. A high value is set upon the 
continuous automatic stream in which the desired 
changes take place without the risks of imperfections 
due to the inconsistent performance of a human oper- 
ator. The perfection of organization achieved along 
these lines is marvelous but at some point control de- 
vices have to be serviced, furnaces relined, worn parts 
replaced. The mechanical concept of the process has 
not changed but a new element enters—the human 
being—whom we understand imperfectly though we 
know something of his limitations, his aspirations, and 
the sources of his enthusiasms. 

It is too easy to assume that men are closely analogous 
to inanimate matter and that under rigid organization, 
such as that which exists in the community of ants, 
they should perform with equal constancy. Rigid 
authoritarian control may have produced the pyramids 
and probably wrecked the state which could not afford 
such luxury of unproductive effort. Since then new 
ideas are brewing and the word freedom represents a 
deep-seated human need. Our sense of community, 
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which is a higher level than that of insects or slave 
states, recognizes that each human being has a separate 
personality and the right to separate development of 
his powers. Respect for human beings, queer and 
erratic as we are, is inherent in our history and our laws. 
To guide the actions of human beings in a democracy 
we must affect the inner springs of action—not coerce 
people against their best conscience and most respon- 
sible judgment. 

We who strive for a free world in which voluntary 
cooperation is the basic pattern of society will do well 
to ponder long and earnestly how far we can substitute 
the doctrine of authority to gain immediate ends with- 
out sacrificing the very goals of democracy for which 
we strive. 

We may ask ourselves such questions as how far the 
military mind, indoctrinated with authority and trained 
to short-range objectives is suited to dealing with the 
problems of diplomacy or even of domestic questions 
of fundamental policy. 

Democracy is more difficult than other forms of social 
organization. It will not be achieved by imitating ants 
or pyramid builders or even by assuming that it is a 
problem of engineering. Rather, it must come from 
convincing the great majority of humankind that it is 
desirable. As we look around the world from this view- 
point, we of this nation, have cause to be profoundly 
humble. 

We have developed the techniques by which life 
could be made better for all. Health, nutrition, shelter, 
the lifting of the back-breaking load of human labor by 
electric power are within our grasp. Even the banish- 
ment of superstition and fear and the development of 
a sense of belonging to a world community could come 
if we would really work at it. But the cold fact has to 
be faced that we have put national power ahead of 
these things and other nations are afraid of us. Fear 
is our great enemy. 

Ants with subhuman talents are perhaps too insensi- 
tive to be afraid. They perform in a tight system of 
organization almost like molecules but the spirit of man 
is different and requires a different pattern of thought. 
Even in this time of stress we need to keep our eye far 
down the road. 


James G. Vail. 
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me New Conkey Rotary 
Leaf Pressure Filter brings big advantages with 
“non-opening” operating cycle 


Cyclic filtration of 
slow filtering slurries and 
clarification of suspensions 


What are the big advantages of the new 
Conkey “‘non-opening” cycle operation? 
Maximum labor saving obtained here! 
Only occasional valve manipulation 
needed. No worker-handling of filter cloths 
because the filter is not opened for cake 
discharge. Volatile solvents can be handled 
with negligible evaporation losses. Less 
danger to personnel from corrosive liquids. 
The entire filter may be insulated for 
operation at high or low temperatures. 
And the extremely compact design makes 
for minimum cubic footage and low 
installation charges. 

Rotation of leaves prevents settling. 
This helps build a non-tapering cake of 
uniform thickness and porosity for posi- 
tive washing, maximum drying and clean 
discharge. 

Other outstanding features: Filter me- 
dium may be either metal or fabric. Quick 
filter cloth changes are easily made by 
sector removal through inspection doors. 
Dry or sluicing cake discharge is provided 
for with complete cake discharge and 
cloth cleaning result. 

To make some interesting comparisons, 
write for Technical Bulletin No. 105. 


serum Process Equipment Division 


Other General American Equipment: DIVISION 


Turbo-Mixers, Evaporators, Thickeners, GENERAL AMERICAN 


Dewaterers, Dryers, Towers, e . 
Tanks, Bins, Pressure Vessels Transportation Corporation 


Sales Office: 10 East 49th Street, New York 17,N. Y. 
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ENGINEERS 


THEIR BACKGROUND, EDUCATION AND 
SELECTION 


ARTHUR L. MILLER and PAUL C. MILLER 


HE man who administers an engi- 

neering department realizes all too 
well the need for reliable methods for 
selecting not only engineers who are 
capable of doing their work as assigned, 
but also engineers who have initiative 
and can think for themselves either 
theoretically or creatively. 

The young engineer wants to know 
where he is going and what he can do 
to make the most of his abilities. The 
fact that some young men develop into 
more capable engineers than others 
makes it vitally important that educa- 
tors, administrators and young men 
alike know how this happens and why. 

In this paper an examination is made 
of the answers to four questions: (1) 
Why do young people go into engineer- 
ing? (2) What does engineering educa- 
tion do to foster the intellectual develop- 
ment of the engineer? (3) What kinds 
of abilities are sought in engineers? (4) 
What is the current status of methods 
for the selection of engineers? 

Beginning with the first question: 
Why do young people go into engineer- 
ing ?—Actually some sorting takes place, 
but what kind of young men do go to 
engineering school. 

First, some of them are young men 
whose scientific and engineering curios- 
ity has been awakened at an early age. 
In doing the things that satisfy that 
curiosity, they are drawn into the scien- 
tific or engineering field as if by a 
magnet. 

The working of the child's mind 
when scientific curiosity has been 
aroused can be illustrated by two out- 
standing cases. The first is from the 
experiences of Michael Pupin (2). 


As a boy in his early teens, in his native 
Serbia, he joined other boys as herdsman 
watching cattle at night, keeping them out 
of the grain fields and protecting them from 
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cattle rustlers. In describing his experi- 
ences he tells us that one of the arts of a 
herdsman was signalling through the 
ground by striking against wooden handles 
of knives stuck in the ground. The boys, 
lying down and pressing their ears close 
to the ground, had to estimate the direction 
and the distance of the origin of the sound. 
Practice made them quite expert at sig- 
nalling, although none of the herdsmen 
could explain how this phenomenon worked. 
However, young Pupin meditated a great 
deal about the nature of sound and of light. 
Twenty-five years later, one of his impor- 
tant discoveries was based on the reflections 
which were started when his curiosity was 
challenged by his novel experiences at the 
herdsman’s summer school. But this is just 
one example out of many of the actively 
pursued curiosity that made it almost in- 
evitable that Michael Pupin should become 
a scientist. 


The second illustration of the way 
the child's mind works when scientific 
curiosity has been aroused is chosen 
from outside the engineering field, but 
the principle is the same. It is the case 
of a boy who was isolated socially, 
economically and educationally on the 
western edge of our great plains— 
Hertzler of Kansas who as you know 
later became the “Horse and Buggy 
Doctor.” Here is the way he tells his 
story: 


At about the age of ten years my medical 
education began. . . . I secured a copy of 
Dr. Foote’s ‘Family Physician’ which | 
read again and again. Though but a child, 
I learned the description of many diseases, 
notably diphtheria and the itch. When | 
learned what diseases someone in the neigh- 
borhood had or died of, I hastily read it 
up in my book. 

In my twelfth year we studied Steel's 
‘Physiology’ in the country school. I com- 
mitted the book to memory almost word 
for word. Because of my spare physical 
build, I was able to identify most of the 
bones mentioned in the book. Here budded 
my skepticism of recorded medical opinion 
This book stated that the capacity of the 
human stomach was three pints. I easily 
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demonstrated that insofar as | was con- 
cerned, this was a gross underestimate I 
was later able to harmonize this difference 
of opinion, The stomach of the deceased 
person is contracted and rigid and in this 
condition holds about three pints, but a 
boy's stomach is capable of expansion far 
beyond the capacity of a cadaveric stomach. 


Later, he went through medical 
school and began to specialize in sur- 
gery. He reports: 


My pal and I registered for a special 
course on the nose and throat with the 
distinguished Professor Janzen, just be- 
cause we both had the idea that a surgeon 
should know the entire operative field 
There were forty-six students registered, 
all specialists except my pal and me. The 
students operated in turn. Janzen had a 
special technique and in turn the specialists 
failed. We got a bright idea. We got a set 
of Janzen’s instruments and bribed our way 
into the deadhouse and did tonsilectomies 
on the late deceased. We became expert 
after doing several hundred operations on 
the cadavers. When it came our turn to 
operate on the living, we went through the 
procedure without a hitch, using either 
hand, 4 la Janzen. After watching us per- 
form, the Professor did a flipflop and 
yelled, ‘Natural throat specialists.” 

We did another trick. Operative courses 
on the mastoid were done on temporal 
bones which were removed during routine 
autopsies. By deft persuasion on the part 
of my pal, we acquired eighty-eight of 
these, just forty-four apiece. By practicing 
on these, we became so expert that we 
could expose the ridge that houses the facia! 
nerve as it passes out in three minutes. We 
sprang this on Janzen too. He had another 
fit and urged us to accept assistantships 
with him. Of course, we were very modest 
about the whole thing (7). 


A second group of young men, prob- 
ably a great many, go to engineering 
school because they are caught up by 
the romance of engineering. A genera- 
tion ago, the figure of Thomas A. 
Edison was silhouetted on the horizon 
and in the gaze of every American boy. 
Being so completely in the American 
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tradition of rising without benefit of 
formal education, it was easy for him to 
become an engineering idol and legend 
and to capture the imagination of a 
generation of American youth. At a 
more sophisticated level, the name of 
Steinmetz became legendary. There is 
a young man in Union College today 
who should normally have gone to Yale, 
majored in science and taken a doctorate 
in some special phase of science, but he 
went to Union because it is the college 
associated with the General Electric Co. 
and Steinmetz—the General Electric 
Co. because it was the company of 
Steinmetz. 

Since the splitting of the atom, there 
is a complete galaxy of scientists in 
the firmament, first, second, third and 
lesser magnitudes. The youth can’t even 
turn his back. The firmament lies be- 
fore him in all directions. 

A third group that goes to engineer- 
ing school consists of young men who 
are intelligently motivated and guided 
towards the engineering field by their 
elders, parents, teachers, friends and 
guidance people. 

In the fourth group there is that great 
intellectually unawakened mass who 
want the prestige of being college men, 
who feel that they must avoid being 
among the unemployed and who choose 
engineering for more or less nebulous 
and rationalized reasons, such as living 
in the engineering age. 

As the American youth is brought to 
the entrance gates of the engineering 
college, the next question is: What does 
engineering education do to foster the 
Mintellectual development of the engi- 
meer? What is meant by intellectual 
Mevelopment ? 
| At a relatively simple level, human, 
mental or intellectual functioning often 
fonsists of not much more than the 
Ability to memorize and then repeat 
Back what one has memorized. It 
doesn’t necessarily require any great 
€omprehension of what one has memor- 
ized. Many people have survived four 

rs of a liberal arts college on not 
Boch more than this. 

At a somewhat higher level is the 
ability to memorize rules and formulae 
and to know when to apply them or 
Bow to substitute into them. Many 
young men have survived four years of 
@ngineering college without much more 
than this. 

At a still higher level is the ability 
to understand the theories from which 
the rules and formulae have been de- 
rived and to think comfortably within 
the framework of these existing theor- 
ies. 

Beyond this is the level of ability 
found in the man who, having made a 
conjecture, can establish a working hy- 
pothesis and begin experimentation. As 
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his evidence accumulates, he broods 
over it, trying to fit it into his hypo- 
thetical structure; and as his evidence 
begins to support his hypothesis, theory 
begins to take form and hypothesis 
gives way to theory. 

Each of these levels of ability repre- 
sents a stage of intellectual development. 
By intellectual development, then, we 
mean the process of growing intellec- 
tually so that one gradually acquires the 
ability to function effectively at each of 
these successive levels. 

The cloud that hangs over technical 
education, both engineering and _busi- 
ness, is that it is possible to go through 
college and make high marks by using 
only rules and formulae. Too often 
engineering students have been prepared 
for college by being drilled in the appli- 
cation of rules and formulae of science 
and engineering rather than having 
been taught how to do some first-hand 
thinking along with the rules and for- 
mulae. Once in college, there is often 
no personal experience with conjecture, 
the making of hypotheses or theorizing, 
and only a memory contact with prin- 
ciples and laws for the purposes of 
passing quizzes and term examinations 
or quoting them in a “slide-rule level” 
paper. 

As an example of what can happen, 
there is the case of Mr. M———— who 
was tested recently during his 15th year 
out of college. He was a member of 
Sigma Xi; his intellectual endowment 
was the answer to an engineer’s prayer. 
He had everything. At work he was 
doing a good job in an area of engi- 
neering design. Tell him what was 
wanted and he would do it. He should 
have been a top man among big men, 
but he wasn’t. He had not experienced 
the mental development that was neces- 
sary in order to make first-rate use of 
his tremendous innate ability. Although 
he was a member of the scientific honor 
society, he had read Time magazine and 
the Reader's Digest for 15 years. 
Nothing more. He had used the tech- 
niques provided by the engineering 
school and had done his work as 
assigned. 

Now all engineers are not going to 
be Pupins or all doctors Hertzlers, but 
the point is that there is a crying need 
for more engineers whose curiosity is 
not only stimulated but who have learned 
how ty do independent thinking—who 
can think beyond the limits of intel- 
lectually prefabricated areas. The mind 
—engineering, scientific or otherwise— 
does not grow merely as a result of 
being exposed to perfect tools in the 
engineering laboratories and to textbook 
assignments that require one to do noth- 
ing more than memorize and apply rules 
and formulae. 

In earlier days, a curse was hung on 
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the man with a theoretical mind by the 
business world, but this was the result 
of loose definitions and prejudice. What 
was meant was the impractical mind and 
the academic mind with limited prac- 
tical experience. The difference between 
the mind of the theorist and the mind 
of the technologist shows up in actual 
practice. Here is an instance. In a cer- 
tain company that uses chemical manu- 
facturing processes, the policy is for the 
plants to call upon “central engineering” 
when something develops that is not 
readily corrected from general plant 
experience. A situation of this type 
came up. A young engineer was sent 
down to the plant from central engineer- 
ing. Days went by and time began to 
weigh on the rule that if an engineer 
could stay on such a job without success, 
beyond a specified time, he would be- 
come permanently damaged in his stand- 
ing within the department. He was re- 
called. A philosophic-minded engineer 
—a theorist—decided to go down. But 
betore going down he collected the data, 
organized it, set up a theory as to what 
should happen and where in the chem- 
ical processes involved. He then went 
down to the plant, ran tests, made the 
corrections called for on the basis of 
chemical theory, and finished within less 
than three hours. 

In dealing with equipment and me- 
chanical processes the technologist is 
usually sufficient and may be even more 
effective than the theorist because of 
his sharp spatial perceptions. But when 
dealing with more obscure phenomena, 
good perceptions, the basic aptitudes. 
and the rules of the textbook are not 
enough. 

It is obvious that not all students in 
engineering school end up with the same 
degree of intellectual development or the 
same degree of technical proficiency. 
The same thing is found when one looks 
at engineers who are many years re- 
moved from their college days. They 
range from slide-rule technicians up 
through creative engineers, theorists, 
and administrative engineers. These 
differences are attributed partly to each 
person's original intellectual endowment 
(his innate ability) and partly to the 
kind and quantity of motivation he had 
for developing his endowment to the 
greatest possible degree. 

Experience indicates that the best 
intellectual development in engineers 
usually takes place in those cases where 
awakened scientific curiosity is followed 
by identification with a hero and the 
benefits of good guidance. 

Those who have not experienced an 
awakening of their scientific curiosity 
and who have not been so stimulated are 
less likely to undergo good intellectual 
development because they are dependent 
too largely upon whether some teacher 
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tugs consistently and 
their curiosity and 
achievement. 

The primary value of tests of voca- 
tional interest in the selection of engi- 
neers is at this point. They give some 
indication of whether a person has the 
motivation to make the best use of his 
innate abilities. 

It has been noted that not all students 
in engineering school or men who have 
spent years as engineers end up with 
the same degree of intellectual develop- 
ment or the same degree of technical 
proficiency. Here is the challenge. li 
these differences among engineers do 
exist, can the different kinds and level 
of engineering aptitude or ability be 
discovered through the use of psycho- 
logical tests, and can engineering ad- 
ministrators be selected through the use 
of psychological tests? The answer to 
both questions is yes. Not perfectly at 
present by any means, but highly profit- 
ably even at the present. With coopera- 
tion between engineers and research 
psychologists, the predictive value of 
tests can be made even more specific 
and even more specifically accurate. 

In order to decide whether a given 
engineer can meet the requirements of 
a particular engineering job, the re- 
quirements must be known. In general, 
the requirements for various engineer- 
ing jobs cover five areas: 


suiécessfully at 
their hope for 


The primary area is engineering apti 
tude—original innate endowment 
Without this primary engineering 
equipment little gain will accrue from 
either training or experience. 

The secondary area is engineering 
training, both formal and informal— 
in brief, how much of the abundance 
of recorded engineering knowledge 
and experience has the engineer as- 
similated and appropriated 

A third area is that of intellectual de- 
velopment. This has been defined as 
the extent to which an engineer has 
gone beyond mere memory tor estab- 
lished rules and is capable of thinking 
or creating in his own right 

A fourth area is that of engineering 
experience. What is the quality of the 
engineer's experience in both breadth 
and depth? What kind and quality of 
apprenticeship, both formally and in- 
formally, has he served 

The fifth area is that of engineering 
administration Does the engineer 
have the aptitude for organizing 
work, and for directing and coordinat- 
ing other engineers in getting work 
done 


The traditional method of assessing 
engineering ability has been for an em- 
ployer to investigate these five areas as 
thoroughly as possible by a careful 
study of an individual’s past experience. 
In the case of an engineer who is ten 
or more years out of engineering school, 
if the employer compiles accurate data 
about the engineer’s past experience 
(high school, college and vocation-pro- 
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fession), and if he understands and in- 
terprets these data correctly, he should 
be able to predict what the engineer can 
do best and how well. Almost everyone 
is somewhat unhappy with that method ; 
too many mistakes have been seen. 

In actual practice the traditional 
method fails in two ways: (i) the em- 
ployer seldom has the time to compile 
the information thoroughly and accu- 
rately, (2) few employers are ade- 
quately trained in comprehending and 
interpreting the information. Even if 
the traditional method were reasonably 
successful in selecting experienced engi 
neers, it is inadequate for the task of 
guiding high school students into or 
away from engineering training and for 
selecting student engineers as they leave 
college and university because their past 
achievements often are too limited to be 
a safe basis for predicting their fu 
tures. 

This brings us back to the challenge : 
Can engineering aptitude be discovered 
through the use of psychological tests, 
and can engineering administrators be 
selected through the use of psycholog 
ical tests ? 

The answer is still yes. But in order 
to understand how tests can be applied 
to this problem it is helpful to chart 
out the intellectual functions used by 
the engineer in his work. They are as 
follows: 


1. Manual intelligence or manual dex 
terity—that is, intelligent hands and 
fingers that can carry out the inten 
tions of the mind 
Ability to perceive and to visualiz 
spatial relationships 
Mathematical intelligence. 

Ability to make abstractions from 
specific instances—to see what com 
mon factors are shared by separate 
instances, to see the general implica 
tions of a particular series of events 
Ability to operate within established 
theory—to understand established 
theory and to think effectively within 
its limits. 

Ability to contemplate and to struc- 
turalize ideas in the absence of theory, 
and to work toward new theory. 
Sometimes people with this ability are 
referred to as having a philosophical 
or creative mind 

Ability to plan, coordinate, and direct 
the activities of other engineers. 


These seven abilities represent the 
more important intellectual functions 
used by engineers in their work. Of 
course, not all engineers possess large 
amounts of all seven types of ability. 
However, it is important to recognize 
that not all engineering jobs require all 
seven abilities. Some jobs are well filled 
by a slide-rule technician; other jobs 
require a top-flight engineer. The im- 
portant thing is not to send a boy on a 
man’s errand, or even more wasteful, to 
send a man on a boy's errand. 

What can psychological tests do to 
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select engineers who have the proper 
combination of these seven abilities to 
meet the requirements of the job for 
which they are being considered ? 


1. Tests of manual dexterity have been 
rather well established for about 20 
years. Johnson O'Connor, who later 
established the Human Engineering 
Laboratories, developed two tests that 
have been rather effective for select 
ing persons with the dexterities to 
handle small tools and instruments 
and to do precision work. He did this 
while employed by the General Elec- 
tric Co. during the 1920's. Since that 
time other tests have been developed 
that serve the same general purpose 

Manual dexterity is highly impor 
tant for some technicians and for all 
others whose work requires precision 
of movement and delicacy of touch. It 
is highly important for the engmeer 
(and scientist) who is his own tech- 
nician and pattern maker or who 
makes his own mack-ups—who, in a 
word, is a man of all work 

However, it is felt that manual dex 
terity occupies so minor a place in the 
activity of the engineer of today that. 
we discontinued giving such tests to 
engineers several years ago 
Ability to perceive and to visualize 
spatial relationships lies at the heart 
of the work of the mechanic, tool- 
maker, draitsman and practical engi- 
neer. Tests of spatial relationships 
have received considerable attention, 
especially in recent years, and are 
rather highly developed. 

Tests of mathematical intelligence also 
have received much profitable atten- 
tion and are available in a variety of 
forms depending upon whether speed 
of thinking or complexity of- thinking 
is emphasized 

Philosophers in their studies of for 

mal logic have dealt with such prob 

lems as making generalities from 
specific instances, and levels of ab 

straction in thinking for many, many 
years. Psychologists have used the 
syllogism in test construction for 
quite a few years. They have also 
developed tests of the ability to think 
at a conceptual level. However, many 
of these efforts have had limited prac- 
tical value for the selection of engi 

neers. It is only recently that prac 

tical tests of high level ability to 
think abstractly and to manipulate a 
problem within the area of established 
theory have been developed 

Tests of the philosophic al or contem 

plative or creative mind are fairly 
well developed, although not at all 
widely used in the selection of engi 

neers 

The task of selecting engineering ad 
mimistrators is simply one of selecting 
administrators from among engineers: 
Good administrators have good “feel- 
ing for others,” are stable in their 
emotions but not rigid and inflexible ; 
they are practical-minded, good think- 
ers when dealing with current non 
technical problems and have the imag 
ination to get their ideas across. Tests 
have been used successfully for sev- 
eral years to select men with admin 
istrative ability 


Here are some cases selected from the 


experience of Miller Associates to show 
what can be and is being done by the 
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proper use of tests in selecting and 
placing engineers and also equipment 
design and development craftsmen : 

A few years ago an experimental 
study was made of 21 men representing 
a cross section of a large equipment 
shop. All these men were at the 
craftsman level. Even though there 
were crack designers in the group 
there were no college-trained men 
among them. Each man’s adjustment 
to his job, his fellow-workers, and his 
superiors was to be described, as well as 
the quality of performance that could be 
expected of him; his enterprise; and 
his leadership qualities. No interviews 
were permitted and no names were used ; 
the men were given code numbers for 
the test experiment. It was a simple 
case of blind flying, drawing conclu- 
sions entirely from the test data. After 
the tests results were put together and 
discussed the three men responsible for 
the equipment department said: “These 
test results have told us what it has 
taken from five to ten years to learn 
from observation.” 

As a result of that same study, one 
able man who was deeply frustrated 
because he was head and shoulders 
above his two bosses in ability was 
salvaged, given some guidance in ad- 
justment and has been running a profit- 
able equipment shop for five years. His 
shop has done many things that the 
head of the old shop said could not be 
done. 

Poor personal adjustment often hides 
real engineering promise. Some years 
ago a young engineer who had a 
doctorate in physics was tested. At 

) that time his standing in the eyes of 
ot top management was just 
above the level of disgrace because of 
| his poor attitude and because he scorned 
the idea of “selling” his results. Tests 
pshowed that he had an excellent theor- 
Petical and creative mind, and the poten- 
tial for administrative work if he 
pwould change his attitudes and _ his 
Hiceling toward some people. Since that 
time many of his attitudes have changed, 
the has developed and administered a 
Hine research department, and he is now 
Among the real “top brass” in his 
company. 
} In another company an experimental 
Study of five research men was made, 
all with well-established performance 
records. In the words of management 
the group consisted of “one technologist, 
two fine research men, one scholar and 
one genius.” Of course there was no 
sure idea what was meant by a “genius” 
or how to distinguish a_ technologist 
from a research man and nobody was 
told which man was which. The 
question was, could they be sorted out. 
They could. 
It was done by describing how well 
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each man could meet the requirements 
of various kinds of work. 

The tests showed the 
results : 


following 


The genius, in addition to having a mind 
well stored with scientific knowledge and 
having high ratings in comprehension of 
mechanical relationships and in scientific 
aptitude, had what was classified as a 
well-developed creative mind with fine ca- 
pacity for making both a theoretical and 
creative approach to a problem. 

The scholar had high ratings in compre- 
hension of mechanical relationships and in 
scientific aptitude, a mind well stored with 
scientific knowledge, and a scholarly vo- 
cabulary. In addition, he had exceptional 
ability to utilize established theory, and fair 
creative ability. 

The two research men had high ratings 
in comprehension of mechanical relation- 
ships, and minds almost as well stocked 
with scientific knowledge as the genius and 
the scholar, but they were almost totally 
lacking in the capacity for creative and 
philosophic thinking. 

The technologist was equal to the 

in his potential for creative and 
philosophic thinking and almost equally 
well informed. He had only slightly lower 
ratings in comprehension of mechanical re- 
lationships and in scientific aptitude. How- 
ever, he was easily baffled and confused ‘by 
unfamiliar problems and was not able to 
use his ability with effectiveness except 
where he was on familiar ground. 


Of the five men, only the technologist 
had had more than four years of college. 
He had received the doctorate from a 
first-class university. 

The abilities of many good engineers 
are wasted because they are put on the 
wrong kind of job, because they have 
the wrong kind of boss, or because they 
are given the wrong kind of responsi- 
bility. As an illustration, a few years 
ago an instructor in chemistry wanted 
to transfer to industry for chemical 
research. After testing him, Miller 
Associates suggested that he would pay 
off if given the right kind of working 
conditions and the right kind of super- 
vision, but only if these conditions were 
met. He needed to work under stable 
conditions where he would know what 
he was expected to do technically, where 
he could do it alone, and where he 
would not feel under pressure. He 
needed a supervisor who would be 
friendly, who would give him the as- 
signments, provide the equipment, and 
see that he was protected against 
pressure from others. These conditions 
were met and he was given a major 
assignment. In less than a year he came 
through on the project with a develop- 
ment that would save many thousands 
of dollars a year. 

At this point, certain persons, without 
conferring with the people in the 
original agreement, started to urge this 
research man to supervise putting the 
new methods into production. The 
assignment frightened him and he was 
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ready to quit his job. However, the 
situation was saved when a production 
engineer was assigned to do the job 
using the research man as a consultant, 
and all ended well. 

These illustrations demonstrate that 
present-day psychological testing, when 
carefully done, can make a valuable 
contribution to the engineering field. 
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LETTER TO THE EDITOR 


Notation for Large and Small 
Numbers 


Sir: 


Writing in your January issue (p. 38) 
J. W. Clegg puts his finger on a real 
need, namely, for some system of ab- 
breviated numerical notation which will 
facilitate the placing of the decimal 
point in slide-rule calculations. 

For a good many years I have used 
a power system of my own which is 
identical in principle with Mr. Clegg’s 
but somewhat differently written. Ap- 
plying it to examples from Mr. Clegg’s 
letter : 


0.000672 = 6.72 x 10-4 written 6.72% 


4800 = 4.8 x 10° written 4.8% 


These figures may be read “six point 
seven two bar four” and “four point 
eight step three,” 


respectively. It is 
possible that with this notation the 
powers are more easily picked out by 
eye than when they are inserted over 
the decimal point. Also the figures are 
slightly more compact. 

I generally use a dot for multiplica- 
tion instead of brackets. There is no 
confusion with the decimal point pro- 
vided individual factors are spaced well 
apart (theoretically the decimal point 
should be above the writing line, the 
multiplication point on it). The full 
compound fraction quoted by Mr. Clegg 
would then appear as: 


1.049 . 4.808 


1.2! . 3.608 . 6.008 . 9.7871 


6.72" 
R. Edgeworth Johnstone 

London, England 

Feb. 7, 1951 
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SEPARATION OF GAS MIXTURES 
BY MASS DIFFUSION 


PART Il 


MANSON BENEDICT and ARNOLD BOAS + 


Hydrocarbon Research, Inc., New York 


Introduction 


ART I described equipment which 

might be used to separate gas mix- 
tures by either the column or the stage 
type of mass diffusion process, and de- 
rived the theory of the separation of 
isotopic mixtures by a cascade of mass 
diffusion columns. Part II continues 
with a discussion of the separation of 
isotopic mixtures by a cascade of mass 
diffusion stages and then treats the ex- 
traction of hydrogen from gas mixtures 
by each type of mass diffusion. 


7. Separation of Isotopes by Cas- 
cade of Mass Diffusion Stages 


7.1 Cascade of Mass Diffusion 
Stages. Figure & illustrates the sche- 
matic flow through a cascade of mass 
diffusion stages such as would be used 
in separating isotopes. The heavy 
stream entering each stage consists of 
downflow from the next higher stage 
and upflow from the next lower stage, 
from which most of the separating 
agent has been removed by the con- 
denser; the light stream entering each 
stage consists of pure separating agent 
flowing at the rate / 

Such a cascade for isotope separation 
is characterized by: 


1. Small differences in composition be- 
tween the light and heavy streams of 
a stage. 

A large reflux ratio, V/B, so that 
the upflow and downflow rates differ 
percentage-wise by only a_ small 
amount 

Adjacent stages either identical in 
size, or differing percentage-wise by 
only a small amount. 

The largest stages at the feed point 
and smallest stages at the product 
ends. 


t Present address: Polytechnic Institute 
of Brooklyn. 
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upriow,! 


DOWNFLOW, (Lo, Xo) 


CONDENSER 
STREAM 


DOWNFLOW,(L, 


f 


Fig. 8. Cascade of mass diffusion 
stages. 


Molal fiow rates (Vv, L, F. D, B) and 

mole fractions of light component (y, 

Zr, Yo, are On separating agent- 
sis. 
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The most important properties of a 
stage are defined below: 


1. Stage enrichment factor, ¥ 


where y and # are the mole fractions of 
light component in the light and heavy 
streams leaving a stage, on a separating 
agent free basis. ¥ is small relative to 


unity. 


2. Ratio of screen area to upflow rate, a 


a= A/V (78) 
3. Ratio of separating agent feed rate to 
upflow rate, j: 
j=J/V (79) 
The following discussion shows how 
the total number of stages in a cascade, 
and the total area and total consumption 
of separating agent, depend on these 
stage properties, at the optimum inter 
stage flow rate. 
3y a light component material balance 
at the stage below the feed: 


Loto = (80) 


y; may be replaced by its value in terms 
of x, and the stage enrichment factor 
from (77): 


Lota = + b4,(1—4,)] + Bap 


(81 


But L, I’, + B, so that 


(1— 44) 


Ye *p) 


1 

(82) 
The optimum value of V’, will be the 
one which makes (29 — +,)//’, a maxi- 
mum, (i.e., the greatest increase in con- 
centration for the least amount of 
upflow), which is: 


= 


(83 
wr, (1 — 
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SEPARATING | 
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it 

= 
J 
BOTTOMS, (8, X») 


It may be noted that this optimum flow 
rate results in zero composition differ- 
ence between the upflow and downflow 
streams which are mixed to provide 
that is 


Vo = Xo 


stage feed; 
(84) 


\ caseade in which this is true is known 
as an ideal cascade. 

\t the optimum upflow 
noted from (82) that 


rate, it is 


(49 — opt. = 5 #,(1—-+,) 
(85) 


Since x» and x, are nearly equal, this 
may be replaced by a differential equa- 
tion in », the number of stages: 

dx 

dn 
The total number of stages between the 
bottom and top ends of the cascade, N, 
is obtained by integrating (86) between 
Xp, and yp: 


Nopt. = 2 In [aa | 
(1—yp)*r 
(87) 
This is just twice the minimum number 
of stages needed at total reflux. 
The total interstage flow rate in the 
stripping section under these optimum 
conditions, (Ip) mim. is given by: 


(86) 


(V min 


The sum may be replaced by an in- 
tegral: 


*F 2% dn 
(Vg) min dr 


Xp 


(89) 
Since dn/dx is given by (86), 


4B 


—s) 


TOTAL SCREEN AREA, — 


MOLAL VELOCITIES THROUGH SCREEN 
SEPARATING AGENT, Ne 
LIGHT COMPONENT, WN, 
HEAVY COMPONENT, Ne 
ALL COMPONENTS, N 


® SEPARATING AGENT 
FREE Basis 


_ 4B 


(90 
) 


a(tp, 
where #(*p,%,) is the separation po- 
tential, defined by (57). Similarly, the 
total flow rate in both stripping and 
rectifying sections is: 


4 
= [Ba ( sp, Xp) + Dal rp. 


(91) 


If uniform conditions are used in all 
stages of the cascade, the total screen 
area for rectifymg and stripping sec- 
tions is 


da 
Br( xp, + Dal xp. vp) ) 
(92) 
and the 
tion is 


total separating agent consump- 


) 
= | Ba( xp, + Da (rp. 
(93) 


7.2 Stage Characteristics. The stage 
properties , a and j are functions of 
the diffusional properties of the mixture, 
D,, Dy and y, which have been defined 
in Section 5, and of four independent 
variables characterizing the conditions 
under which the stage is operated. Fig- 
ure 9 illustrates flow through a counter- 
current mass diffusion stage and defines 
the principal variables which will be 
used to describe its performance and 
derive its performance equations. 

Derivation of equations for #, a and j 
for the case of equal diffusion coeffi- 
cients (D, = Dy) is given in 7.5. 
Here the results are recapitulated when 
the four independent variables are 
taken as: 


1. h, the recovery of the stage, defined as 
the ratio of heads to stage feed, on a 
separating agent-free basis. In terms of the 
variables of Figure 8, A = V/(V +L). 
Since the upflow and downflow rates are 
substantially equal, in the cascade shown 
in Figure 8, A = 4. In terms of the var- 


STAGE ENRICHMENT FACTOR 
-x 
MAIN COMPONENT RECOVERY 
AREA: UPFLOW RATIO 
ase 
SEP AGENT : UPFLOW RATIO 
4 


Fig. 9. Nomenclature for mass diffusion stage for isotope separation. 
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iables of Figure 9, = 
ial balance, it can be shown that 


By mater- 


2. &, mole fraction of main components in 
stage feed. 


3. », mole fraction of main components in 
heads fraction leaving stage. 


4. U, reduced molal velocity through the 
screen, NZ/D.p. In terms of these var- 
iables : 

l—e 


h)) 


[ag Daal th 


l—h 
(96) 
These equations may be put into a 
form permitting graphical representa- 
tion by introducing the variables : 
q = aD, pth/Z (97) 

and 
= jth (98) 
Hn/S€é and j = 


Since A = 
seen that 


J/Hn, it is 


q = DypA/SZ (99) 


a dimensionless ratio of screen area to 


stage feed, and 
=J/S 


the ratio of separating agent to stage 
feed. 

With these substitutions in (94), 
(95) and (96), and by letting h = %, 
the stage performance equations be- 
come 


(100) 


In 2(1 —n/€) 
(101) 

1 


q= 
| (1—/€)] 


(103) 


In designing a mass diffusion stage, 
one will ordinarily be more interested 
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in the variables p and g, which are 
directly related to the screen area and 
separating agent consumption, than in 
U, the reduced molal velocity through 
the screen, or in 9/€. Accordingly, U 
and »/€ have been eliminated numer- 
ically from (101), (102) and (103). In 
Figure 10,* contours of the relative en- 
richment factor, J/y, are plotted as a 
function of p and g. This chart shows 
that (1) for each value of p there is 
an optimum value of g, at which & is a 
maximum, and (2) as Pp is increased, 
mecreases. 

If the sole design objective were to 
reduce the number of stages, which are 
inversely proportional to w, each stage 
would be designed with a high value 
of pf, and the associated optimum value 
of g. But since it is also desirable to 
minimize the total consumption of 
separating agent and the total amount 
of screen area, p and q should not be 
increased indefinitely. In fact, the 
minimum screen area for the entire 
cascade is obtained by choosing p and g 
to minimize 2q¢/(¥%/y)*, since it can be 
shown from (92) and (97) that the 
total screen area in an ideal cascade is 
given by 
4 2q 
A win. 
E(b/y)* 
“Similarly, the minimum separating 
agent consumption for the entire cas- 
cade is obtained by choosing p and q 
to minimize 2p/(#/y)*, since it can be 
seen from (93) and (98) that the total 
separating agent consumption in an 
ideal cascade is given by 

&(b/y)? 
Both screen area and separating agent 
consumption are inversely proportional 
to €, and are smallest at € = 1.0. 

Figure 11* is a plot of contours of the 
relative separating agent consumption, 
2p/(b/y)*, (dashed lines) the 
relative screen area, 2q/(b/y)?, (full 
lines) as functions of p and q. Separat- 
ing agent consumption is a minimum at 
p= 1.0, q= 1.0. On the other hand, 
screen area is a minimum at p = o, 
q = 082. Thus, in the stage type of 
mass diffusion, as in the column, it is 
impossible to pick operating conditions 
which simultaneously minimize screen 
area and separating agent consumption. 
Conditions which provide a practical 
compromise between minimizing screen 
area and minimizing separating agent 
will occur where contours of the relative 
screen area and relative separating 
agent consumption are tangent. This 
occurs close to g = 1.0. The value of p 
representing a practical optimum will 
depend on the relative costs of screen 
and separating agent. An optimum 


J nin 


~~ $ See Figures 10 and 11 on page 118. 
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value of p around 1.9 is typical. 

Values of p and g at which U = 0 
are shown by the dotted line of Figure 
11. Since contours of 2¢/p? and 24/q* 
are nearly tangent along this line, the 
condition U = 0 is also close to the 
practical optimum. At U = 0, simple 
equations may be given for p, # and @ 
From (103) it is seen that 


= 2p (106) 


When this value of €/» and [ 0 are 
substituted in (101), there results : 


y(2—1/p) in (2—1/p) 
= 4 
1—1/p 
(107) 


Similarly, when this value of €/y and 
h = \% are substituted in (95) and U 
is allowed to approach 0, there results : 
2Z in(2—1/p) 
D pk 1-1 

To obtain the maximum value of &, 
it will be desirable to use the lowest 
practicable temperature in condensing 
separating agent from the combined 
upflow and downflow before they are 
fed to the stage. When steam is used! 


a (108) 


[Br(xp,*_) + Da( xp, yp) |Z (104) 


as separating agent at atmospheric 
pressure, a value of € around 0.9 is 
attainable without refrigeration. 


7.3 Comparison of Stage with Col- 
umn. The close analogy between Equa 


[Ba( rp, + Da( ry, ¥p)) (105) 


tion (104), giving the total screen area 
in a cascade of mass diffusion stages 
and Equation (58) giving the total 
screen area in a mass diffusion column 
will be noted. These equations differ 
only in their second factors, the relative 
screen area. A similar close analogy 
exists between Equation (105) and 
(60) for the total separating agent con- 
sumption in stage and column. 


Table 3 compares numerical values 
for the relative screen area and relative 
separating agent consumption in the 
column and stage types of mass dif- 
fusion at conditions which lead to mini- 
mum screen area, minimum separating 
agent and the practical optimum. The 
stage type of process requires more 
screen area and more separating agent 
than the column type. This is primarily 
a consequence of the impossibility of 
maintaining optimum concentrations on 
each side of the screen throughout a 
mass diffusion stage, with conditions 
changing from point to point. 
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7.4 Production of CH, by Cascade 
of Mass Diffusion Stages. To illustrate 
this discussion of mass diffusion stages, 
the main features of a cascade of stages 
to produce 100 g./day of carbon-13, 
90% pure, in 10% yield by mass dif- 
fusion into steam are given in Table 4. 
Compositions and flow rates of bottoms, 
feed, and tops have been given prev- 
iously in Section 6.3. Diffusion coeffi- 
cients have been given in Table 1. It 
is again assumed that Z = 0.111. The 
practical optimum stage conditions listed 
in the last column of Table 3 are used. 

Comparison with Table 2 shows that 
this cascade of mass diffusion stages 
needs 63% more area and consumes 
41% more steam than a cascade of 
mass diffusion columns. These disad- 
vantages of the stage type of process 
are partially offset by its simpler equip- 
ment design. 


7.5 Derivation of Stage Character- 
istic Equations. Equations (94), (95) 
and (96) which have been used to 
describe the characteristics of a counter- 
current mass diffusion stage treating a 
close-cut mixture, such as an isotropic 
mixture are next derived. It is assumed 
that the coefficient of diffusion of the 
substances being separated, D,., equals 
the arithmetic mean of their diffusion 
coefficients into separating agent, 1),. 

Flow through a countercurrent, flat 
plate, mass diffusion stage is illustrated 
in Figure 9, which gives the terminol- 
ogy and notation to be used in deriving 
these equations. The feed enters one 
end of the heavy stream side of the 
stage at flow rate S. It contains 1 — é 
mole fraction of separating agent and 
z mole fraction of light component, on 
a separating-agent-free basis. In_ its 
flow through the stage, the heavy stream 
picks up separating agent flowing 
through the screen and gives up light 
and heavy components which diffuse 
through the screen, against the separat- 
ing agent, the light component diffusing 
at a faster rate than the heavy. It finally 
emerges at the far end of the stage as 
the tails fraction, at a flow rate T, con- 
taining 1 — é, mole fraction separating 
agent and x mole fraction light compo- 
nent.+ 

Pure separating agent enters the tails 
end of the light stream side of the stage 
at a rate J. In its flow through the 
stage, the light stream gives up separat- 
ing agent to the heavy stream, and picks 
up light and heavy components by dif- 
fusion. It leaves the stage as the heads 
fraction, at a flow rate H, containing 
1—y» mole fraction separating agent 
and y mole fraction light component.+ 
Since the diffusion coefficient of light 
component is greater than heavy, 


t On a separating agent-free basis. 
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TABLE 3.—-RELATIVE SCREEN 


Condition 


Type of Process 


Separating agent: feed ratio 


Screen area: feed ratio 


Mole fraction main components in heads ¢ 


q@ 
&. Mole fraction main components in feed tf 


Reduced mola! velocity through screen 
Relative screen area 


Relative separating agent consumption 


+ In heavy stream, for column type 


t In light stream, for column type 


When the heavy stream has flowed 
past @ fraction of the screen area, its 
flow rate is Sy, its mole fraction of 
separating agent has been increased to 
1—&, and its mole fraction of light 
component? has been reduced to x. At 
the same point on the other side of the 
screen, the flow rate of the light stream 
is Js, the mole fraction of separating 
agent has been reduced to 1 — a and the 
mole fraction of light component + has 
been increased to yy. 

At this point, the molal velocities of 

separating agent, light and heavy com- 
ponents through the screen are No, Ny 
and . respectively. These molal ve- 
locities depend on the mole fractions at 
this point, the diffusion coefficients, the 
effective diffusion length of the stage, Z, 
and the total molal velocity through the 
screen, ., as summarized by Equations 
(28) and (37). The total molal velocity 
through the screen is determined by the 
Screen permeability and the pressure 
drop across the screen. 
First, material balance equations will 
be written for the mixture as a whole, 
from which the flow rates S, and J, are 
Obtained as functions of @. Second, 
material balance equations will be writ- 
ten for the combined main components, 
from which the main component mole 
Fraction € and my are obtained as func- 
tions of Sy, and Equations (95) for a 
d (96) for 7 are derived. Third, 
aterial balance equations will be writ- 
1 for light component, from which its 
ole fractions x, and yy are obtained, 
an‘ Equation (94) for w is derived. 


(1) All Components. The over-all ma- 
terial balance equation is: 


J—T=H-S (109) 
The equation for a material balance between 
the tails end of the stage and a point 6 
fraction from the feed end is: 


Jo= (110) 


Since the molal velocity of all components 
through the screen is N, the differential 
material balance equation for all compo- 
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AREA AND SEPARATING AGENT CONSUMPTION IN STAGE AND 
COLUMN TYPES OF MASS DIFFUSION 


(De= Diz) 
Minimum 


Sereen 
Area 


Minimum 
Separating 
Agent 


Column 


Practical 
Optimum 


Column Stage Stage Column 

x ese 1.0 
0.829 1.0 
1.0 1.0 


0.000 


0.9 

0.10 
20 2.20 

0.71 0.835 
1.835 


nents in the heavy stream is balance equation for the combined 


components in the heavy stream is: 


mat 
dSe 


N= 740 


(111) 
di Soke 
(Soke) =N,4+N,=N 


Ade — No 


following (116) 


By integrating this equation, the 
is obtained: 


A differential equation for the variation of 
fe with Ss is obtained by dividing (116) 
by (111) 


Se = S+NAO 
and 
S+NA d( Sef) 


N—Ne 
dS» 


so that N (117) 
Js J—NA(i—@6) 

The molal velocity of main components 
through the screen, V — No, is obtained 
from (28), which, in the notation of the 

present section, is 

(2) Main Components. The over-all ma N~-Ne=ua N—— 
terial balance equation for the main com l 
ponents is: 


and 


H=J—NA (112) 


(118) * 


By combining (117) and (118) and simpli- 


St = Hn + Tér (113) fying, the following is obtained 
The equation for a material balance be- 119) 
tween the tails end of the stage and @ is ( 


be replaced by value from 


Tt. me may 
Jone = Sofe — Té: (114) 

An expression for 9 is obtained by elim (7 in — Tee 
inating Je from (110) and (114): 


—T) (i 


Sed J = 


(120) 


ne (115) 


Variables in (120) are readily separated, 


At the point @, the differential material and the equation may be integrated, subject 


TABLE 4-—-MAIN FEATURES OF CASCADE OF STAGES TO PRODUCE 


BY MASS DIFFUSION INTO STEAM 


Stage Properties Value Source 


Ratio of separating agent to stage feed, p 
Dimensionless ratio of screen area to stage feed, q 
Mole fraction main components in stage feed, ¢ 


Specified 
Specified 
Specified 
(102) &(103) 
(102) &(103) 
(101) 
(98) 


Mole fraction main components in heads, 7 

Reduced molal velocity through screen, U .. 

Enrichment factor, ¥ 

Separating agent: upflow ratio, j 

Screen area: upflow ratio, a, sq.ft./(Ib.mole) (sec.) 
Characteristics of Largest Stage (x= 0.9894) 

Upfiow, V, Ib.moles/sec 

Separating agent rate, J, 

Screen area, A, sq.ft 


1.83 
7.73x10- 
645 


lb.moles. sec 


Number of Stages 
Stripping 666 


Total Separating Agent Flow, 15.10 (93) or 


or (104) 


(105) 


Total Screen Area, sq ft 70,000 (92) 
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{ 
4.0 
09 
‘4 
- 
= 
14 
0.15 
‘ 7 
3.52 x 108 (97) 
wie 


to the boundary conditions that {& = ér at 
Se=T: 
be 


ér 


J TiSe+J—T) 
= 


1 


At the feed end of the stage, Sy = S and 


& = & so that: 


TH 


ér in this equation is to be replaced by the 
recovery of main components in the heads 
fraction, h, by using the relation: 


> 
h=1- Se (123) 
and by making use of (109) to replace 


J--T by H—S 


(124) 

Next, p = J/S is obtained as a function 

of h, »/€ and U by substituting for T the 

value J+S—H and for H the value 
hSE/n, and solving for J/S 


hé 


7/1 


(125) 


Equation (96) for j is obtained by the 
relation j = p/th 

To derive Equation (95) 
(125), we note that 


for a from 


a = A/Hy = ve -1) (126) 


since 4 = (J —H)/N, from (112). By 
substituting for J its value from (125), 
for H the expression ASE/n, and for N 
the expression UD.p/Z, Equation (95) 
results 


3. Light Component. Derivation of Equa- 
tion (94) for y requires evaluation of the 
light component mole fraction, x. 

The over-all material balance equation 
for light cogxponent is : 

Sts = Hay + (127) 
The equation for a material balance be- 
tween the tails end of the stage and @ is: 


Joneye = Tirx (128) 


An expression for ye— +e is obtained by 
eliminating Jene by means of (114) 


Tir( — x) 
Sebo — Tée 

At the point @, the differential material 
balance equation for light component in the 
heavy stream is: 


(129) 


(Sof 


Ade = ™: (130) 


Vol. 47, No. 3 


By dividing (130) by (111), there results 


d(Sofere) 


dSe = 


(131) 


put 
red ( Sogo) 
dSe dSe 


dx. 
Set 

dSe 
(132) 


and d( Sef) /dS» is given by (117), so that 
we have 


dx. (N — No) re 
Soke N 
(133) 


The molal velocities No and N,; are ex- 
pressible in terms of the mole fractions on 
both faces of the screen by means of Equa- 
tions (118) and (37) respectively. The 
subscript @ is appended to », & y and # in 
the latter equation. When these substitu- 
tions are made, and (133) is divided by 
(119), 


dre 
dks ne — &) 


re(1 


is obtained. » and ye in this equation may 
be replaced by functions of & and x» by 
means of (115) and (129 


dr. 


7 J 


yr 


&(i—e-0) (135) 


where the constant value of x) has 
been substituted for — in the last 
term. 

This is a first-order, linear differential 
equation in (4»—-) vs. &. The solution 
of this equation, subject to the boundary 
condition +» = x at & = tr is 


é 


The stage enrichment factor, ¥, is given 
(137) 


But s— + may be obtained from (136) by 
setting ft» £, so that 


Tae second factor of this equation may be 
replaced by 


because of the over-all material balance 
Equations (109) and (113) and the defini- 
tion of h. The argument of the logarithm 
may be replaced by 


Hydrogen into steam 
Air into steam 


Hydrogen into air 
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x)Ue-U Tey 4 


+ (J — T 
—T) 


(TH) 1 

because of Equation (122) for ¢/é. With 
these changes, Equation (138) becomes 

(l—e 


In 


Uy 


(140) 


Equation (94) for ~ results when AS/H 
is replaced by 9/& in (140) and (140) is 
substituted into (139) 


8. Local Performance of Screen for 
Hydrogen Separation 


In addition to isotope separation, mass 
diffusion may find commercial applica- 
tion in the extraction of hydrogen or 
helium from mixtures with heavier 
gases, particularly when the gases are 
at low pressure and waste heat at low 
temperature is available. These condi- 
tions are met often in coke plants, so 
that mass diffusion may find commercial 
application in separating hydrogen from 
coke-oven gas, using low-pressure steam 
as separating agent. Design principles 
for this application are outlined in the 
remainder of this paper. 

It will be assumed that the non- 
hydrogen constituents of coke-oven gas 


T [ Tir + (J T 
ln 


T) Jt: 


have diffusional characteristics similar 
to air. The diffusion coefficients for this 
system are obtained from International 
Critical Tables, vol. 5, p. 62 (Table D). 
The diffusion coefficient of hydrogen 


7 


into air has little effect on the design; 
to simplify the treatment, it will be 
assumed that 


PD 12 = pDoy 


In deriving equations for the local 
screen performance in this case, we will 
denote mole fractions within the screen 
by v, in the light stream by y, and in 
the heavy stream by x. Molal velocities, 


(138) 


= 2.835 x 10-6 


oly 2.835 


0.831 


10° Ib.mole, (ft.) (sec 
10 Ib.mole/ ( ft.) (sec 


2.30 Ib.mole/(ft.) (sec.) 
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bot 
1 
— 
I 
(121) 
| (122) 
” ‘ 
) 
! 
Tk 
ral 
= 
p=TJ/S 
| 
TABLE D 
— 


as usual, will be denoted by V. Subscript 
(9) will refer to separating agent, (,) 
to hydrogen, and (,) to the heavier 
components from, which hydrogen is to 
be separated. With this notation, and Ne=N A —4 "sited — 0-4 
with the relations Ng = N—N,—N, l—e-* 


(i—y —(1 
and wv» and with the Equations (143) and (148 th 
assumption that Dg = Do, the system ee 3) and (148) are the 


When this equation is solved for No, 
and N, is replaced by its value from 


dA 
(143), there results : 


(148) 
¥,)e 
1 — v7 — te, 


| 
| 


of differential diffusion Equations (8) 
becomes : 


Hydrogen: 


(N —Nj)ve — Na+ Nor, 
: 


(141.2) 


The solution of (141.1) for hydrogen, 
subject to the boundary condition 
= y, at? = 0, is: 

= (9, — Ny/N + 

(142) 


With the condition v, = x, at t = Z, 

the molal velocity of hydrogen is given 
by: 

N, = 


U = NZ/pDo, (144) 


To solve Equation (141.2), for heavy 
components, v, is eliminated by means 
of (142), and a new dimensionless 


(145) 


parameter, 


= Ny Do, 
a=(1 


dv,  U+a 
— Ny/N 


(146) 


Pris is a first-order, linear differential 
equation in va, whose integrating factor 
is e~(U+4)t/Z, Its solution, subject to 
the boundary conditions v. = r, at 
t= Z and v2 = yz at t = 0, is: 


+ 


= 

(v1 —Ni/N) (1 — e~4) Ng 
N-N, 

(1—e-9-4)N, 


(147) 


desired equations for molal velocities 
through the screen in the hydrogen 
separation case. The molal velocity of 


separating agent is obtained 


No Ny Nz. 
(1482) 


9. Extraction of Hydrogen by 
Mass Diffusion Column 


The theory of a mass diffusion column 
for the extraction of hydrogen from 
heavier gases is more involved than for 
the isotope separation case because of 
the large difference in hydrogen mole 
fraction on opposite faces of the screen. 
As a consequence, explicit solution of 
the differential material balance equa- 
tions is impossible, and recourse must 
be had to numerical methods. This sec- 
tion will describe a solution procedure 
and apply it to the separation of a gas 
containing 50% Hg, into a rich fraction 
containing 90% Hg, and a lean fraction 
containing 10%. 

Schematic flow through this mass 
diffusion column and the nomenclature 
to be used in analyzing its performance 
are illustrated in Figure 6, and are the 
same as have been used in the isotope 
separation case. 

In this notation, Equations (143), 
(148), and (148a) for Ny, and No, 
respectively, become : 
Hydrogen: 

N, w—€xe-" 
“N 


Heavy Components: 


Separating Agent: 


Ne a — 


from 


The differential material balance for 
hydrogen in the heavy stream may be 
combined with (151) as in deriving 
Equation (51): 


dx 


om ? 
dA L (152) 


The amount of separating agent charged 
to the light stream per unit screen area, 
dJ/dA, depends on its molal velocity 
through the screen, No, and on the rate 
of change of its flow rate past the screen 
in the light stream, (L — B)(1—»)/», 
as given by Equation (153): 

dj 


Not 


= 3 - /n) 
dA dA B)(1—9)/a) 


(153) 


These four equations, together with 
Equations (149) for Ny, Ng and No 
give seven relations among the ten 
variables L, £, 9, y, +, Ny, No, No, J 
and A. Before a solution can be given 
for the value of these variables at any 
point in the column or for the total 
amount of screen area and separating 
agent consumption needed in a given 
separation, it is necessary to specify 
three additional conditions. These con- 
ditions, for example, might consist in 
giving (1) the dependence of the hydro- 


(149.1) 


— 149.2) 
(1—ny) — (1 — 


N 1—e-? 


A material balance on hydrogen be- 
tween the bottom end of the column 
and a point in the stripping section 
where the mole fraction of hydrogen * 
in the light stream is y and in the heavy 
stream is x gives an equation for the 
downflow rate,* L: 


_ Bly—-xpg) 


(150) 


A differential material balance on hy- 


drogen plus heavy components in the 
heavy stream may be expressed as: 
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——,— 149.0 
(1 — ny) — (1 — ) 


gen mole fraction * in the light stream, 
y, on its mole fraction* in the heavy 
stream, x, and (2) and (3) the de- 
pendence of the separating agent mole 
fraction in each stream, 1 — y and 1 — , 
on +. 

One might choose these conditions to 
result in minimum total screen area, 
minimum separating agent consumption, 
or minimum total cost of producing 
hydrogen by such a column. Use of 
material balance equations (150)-(153) 


* Separating agent-free basis. 
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(151) 
dv, Nev, —N, 
dv, _ Nar 
dt pDoy 
a 
4 
= 
where 
| 
a 
| is introduced : 
= 
N 
6 


to evaluate the total screen area and 
total separating agent consumption with 
the aid of the assumed relations y(x), 
(+) and €(x) will be illustrated. 
By differentiating (150), it is seen 
that dL /dx is given by: 
¥—*X, dy 
(y—+)(y — 4p) dx 
(154) 
But dL/dx may also be obtained by 
dividing (151) by (152): 
ldl Ni +Ne 
L dx N, — +N) 


so that: 


dy 


dr 


N,+Ne 


156 
Ny —4(N,+ No) 


By replacing Ny and Nz in (156) by 
their values in terms of U, x, v(x), 
&€(+), and n(x), through (149), Equa- 
tion (156) may be used to determine U 
as a function of +. 

To evaluate the screen area, Equation 
(152) is combined with Equation (155) 
and with Equation (144) defining U: 

dA_ =z dL/dx 
dx pDo, U(N,/N + N2/N) 
(157) 
The total screen area is obtained by 
integrating (157) in both the stripping 
and rectifying sections : 


Zz 
pDoy 


(dL/dx)», 


In this equation, (dL/dx), refers to 
the stripping section and is obtained 
from (154); (dL /dxr)p refers to the 
rectifying section and is obtained by 
differentiating 

Diyp — 


L= (159) 


Xp is the mole fraction of hydrogen in 
the heavy stream corresponding to the 
specified mole fraction yp) in the tops 
light stream. 

When the design objective is to 
minimize the screen area, we have a 
variational problem in which the func- 
tions y(r), and are to be 
determined such that (158) is a mini- 
mum, subject to (156) to determine 
U(s). 

To evaluate the separating agent 
consumption, (153) is combined with 
(152) and (155) to give: 
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U(N,/N + N2/N) 


dj 
1 +) 
+ N2/N (= 


+(L - By SCA) (160) 


The subscript , signifies that this equa- 
tion refers to the stripping section. 

The analogous equation for the recti- 
fying section is: 


dj 
‘dx ) 
Kr) 
Vi/N+No/N \\ de] p 


+(L+D) (161) 


d(1/n) 


The total separating agent consumption 
is obtained by integrating (160) over 
the stripping section and (161) over the 
enriching section: 


J 


*p 
(7) dx 
dx 


(162) 


When the design objective is to min- 
imize separating agent consumption, 
there is a variational problem in which 
y(x), €(x) and »(+r) are to be deter- 


*p 


(dL/dx)p 


i. 
U(Ni/N+No/N) 


-dx+ 
ap 


(158) 


mined such that (162) is a minimum, 
subject to (156) to determine U(x). 
The general problem of minimizing 
(158) or (162) has not been solved. 
Instead, the problem has been attacked 
by trying a number of assumptions re- 
garding €(+), and and 
seeing which results in the smallest 
values of A or J. It is clear that in- 
creasing € reduces both A and J, so that 
the highest practicable value obtainable 
without refrigeration when steam is 
used as separating agent at atmospheric 
pressure has been used, namely, € = 0.9. 
It has been assumed that is indepen- 
dent of x, and values of » = 0.20, 0.25 
and 0.30 have been tried. It has been 
assumed that y(+) is of the form 


(163) 


and values of 2.1, 23 and 2.5 for a 
have been tried. The lowest separating- 
agent consumption was found for the 
combination = 0.25, a = 2.3. It 
should be noted that these are not neces- 
sarily the optimum and y(+), 
because some functional forms other 
than those used might lead to a lower 
separating agent consumption. 

As a specific example of this design 
method, the total screen area and total 
separating-agent consumption will be 
worked out for a column separating 
coke-oven gas containing 509% Hg into 
a tops fraction containing 90% H,* 
and a bottoms fraction containing 10% 
H, by mass diffusion into steam at 
atmospheric pressure. It will be 
assumed that € = 0.9, » = 0.25 and that 
y(*) is given by (163), with a = 2.3. 
The calculation will be based on 2 moles 
of feed/sec., so that 


B=D 1.0 


= 0.1; yp = 09 


Steps in the calculation are summarized 
in Table 5, which gives conditions at 
various mole fractions of hydrogen in 
the column. 

The solution procedure is: 


1. At a particular value of x in the strip- 
ping section, find the downflow rate, 1, 
from 

(a — 1l)e(1—x) 
(164) 
obtained from (150) and (163) 


2. Evaluate di./dx from 


dl 
dx 


[ 1 ] 

(165) 

3. By trial, find a value of U which gives 


molal velocities N, and Ny, which satisfy 
(156). 


4. Evaluate dA/dx from (157). 
5. Evaluate dJ/dx from 
dL 
Ni d: (166) 
obtained by setting dy/dx = 0 in (160). 
An analogous procedure is used for the 
rectifying section. 
6. Evaluate the total screen area, A, and 


the total separating agent consumption, J, 
by graphical integration, e.g., by (162). 


By integrating the tabulated values 
of dA/dx and dJ/dx, it is found that a 


* Separating agent-free basis. 
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SCREEN AREA: FEED 


Fig. 10. Stage enrichment factor. 


plant separating coke-oven gas contain- 
ing 50° Hg, into tops containing 90% 
and bottoms containing 10% Hy, will re- 
quire 26.00 Z/pDo, sq.ft. of screen/ 
mole of tops/sec. and will consume 
19.84 moles of steam/mole of tops. A 
plant producing 1,000,000 cu.ft. of hy- 
drogen /day will require 34,500 sq.ft. of 
screen (Z = 0.111) and 43,500 Ib./hr. 
ot steam. 

The power which could be generated 
by this amount of saturated steam at 
212° F. when condensed at 80° F. in a 
thermodynamically perfect engine is 


TABLE 5 CONDITIONS IN COLUMN FOR 


Bottoms 
Mole fraction Hat 
Heavy stream, z 0.10 
Light stream, y 0.204 
Gas downflow, Lt, mole/sec 1.00 
Gas upfiow, Vt, mole/sec. 0.00 
aL/dz 9.67 
Molal Velocities 
= NZ/pDa 


Hydrogen, Ni/N 0.3013 


0.105 
Other comp., No/N 
Steam, Ne/N 


1.1797 
2.4810 
5 


+ Separating agent-free basis 
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RATIO SCREEN AREA: FEED RATIO 


Fig. 11. Mass diffusion stage characteristics. 
Total screen area is proportional to 2¢/(//7)? 


Total separating agent consumption is proportional 
to 2p/@/y)? — — 


3480 hp. The power required to separate 
this 1,000,000 cu.ft. of hydrogen/day in 
a reversible process is 39.3 hp. The 


10. Extraction of Hydrogen by 
Mass Diffusion Stage 


thermodynamic efficiency of this mass 
dliffusion separation is, therefore, 39.3/ 
3480, or only 1.1%. Since an efficiency 
of around 15% can be obtained when 
hydrogen is separated by partial con- 
densation at low temperature, it is evi- 


When only a partial separation of 
hydrogen from heavier gases is to be 
effected, the stage type of mass diffusion 
is preferable to the column type, because 
of its simpler construction. Maier’s 
experimental study (6) provides a 
wealth of information for design of a 


—0.1226 


dent that mass diffusion is at a serious 
disadvantage with respect to power cost. 
Its main advantage is in the simple 
type of equipment used, compared with 
a low-temperature plant. 


stage for partial separation of hydrogen 
by mass diffusion. 

Figure 12 illustrates the flow of 
material into and out of a mass diffusion 
stage for hydrogen separation and the 


SEPARATION OF HYDROGEN FROM COKE-OVEN GAS BY MASS DIFFUSION INTO STEAM 


Pressure = 1 atm. 


Temp. 212° F. 

Mole fraction gas in heavy stream (¢) = 0.90 
Mole fraction gas in light stream (y) = 0.25 
Basis, 2 moles feed/sec. 


Stripping Section Rectifying Section 


Feed Feed Tops 


0.20 0.50 


0.70 0.796 
0.483 0.900 
0.399 0.000 
1.399 1.000 
—3.38 —5.35 


0.365 0.697 
1.606 2 3.03 
0.606 2.03 
441 9: 6.68 
0.304 
0.1588 


0.968 1.015 Ag 1.34 164 
—0.4457 0.0187 
—0.0382 —0.0216 0.0732 0.0437 0.0277 
1.2877 1.4673 0.9081 0.9079 0.8953 0.8654 
1.6 41.1 87.2 38.9 37.2 28.8 24.1 24.2 


—O —0.3318 
—0.0382 


1.3700 


0.0610 0.1069 


1.2814 


30.7 33.2 41.0 23.9 20.6 18.8 17.6 
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principal variables which will be used 
in describing its performance. The 
three dimensionless ratios, p, g and U, 
which were introduced in analyzing 
stage performance for the isotope 
separation case, will also be useful for 
hydrogen separation. 

10.1 Hydrogen Recovery. Equation 
(143) for the molal velocity of hydro- 
gen through the screen (N,), is similar 
to (118) for the molal velocity of main 
components in the isotope separation 
case. An equation for the fraction of 
hydrogen fed to the stage which is re- 
covered in the heads fraction, 4,, may 
be written down by analogy with Equa- 
tion (124) for the isotope separation 
case: 


6 


(a7) 
S. 


(167) 


ST H 


1 


where = 


But H/S =p-—ql, and 
(1+ qU)/p, so that 


= 


hy 
qu) (1 + qu) 


1 
[(p —qU) (1+ qU) /p)® - 


qU 
(168) 


10.2 Approximate Equations for 
Stage Characteristics. No simple, exact 
expression can be given for the recovery 
of heavy components, hs, because of the 
complex character of Equation (148) 
for the molal velocity of heavy compo- 
nents. It is possible, however, to derive 
a simple, approximate expression for hy 
which is sufficiently exact for most prac- 
tical applications. Such an approximate 
expression for A, is derived below, and 
other important stage characteristics are 
evaluated from it. These approximate 
stage characteristics are shown to be in 
tolerable agreement with Maier’s experi- 
mental data in Section 10.3. Finally, 
in Section 104 exact stage char- 
acteristics are evaluated numerically for 
a particular set of conditions and shown 
to be close to the approximate equa- 
tions about to be derived. 

When the mole fraction of hydrogen 
is low, (y, and #, each < <1), Equa- 
tion (143) shows that N,/N < <1. Un- 
der these circumstances U +Ace 
UD and Equation (148) reduces 


Vo — Dee 


(169) 


TABLE E 


Moles 

Hydrogen 

Heavy components 
All components 

% He 


It is shown in Section 10.4 that this 
expression is a valid approximation 
when y, and +, are not < < 1. 

Since Equation (169) for the molal 
velocity of heavy components is similar 
to Equation (143) for hydrogen, an 
equation for the recovery of heavy 
components, ji, may be written down 
by analogy with (168): 


hy 


1 

(p—qU) (1+ qu)/p) 


(170) 


1 


An approximate equation for the 
Stage separation factor, a, may be ob- 
tained as follows: From definitions of 
hy and he: 


hy(1— hy) 
—hy) 
(171) 


Since hy is given by (168) and A, 
approximately by (170), an approxi- 
mate equation for a is: 


oF 


Me 


STEAM: FEEO RATIO 
AREA: FEED RATIO 
* APOe, 
REOUCEO VELOCITY HYOROGEN, 
THROUGH SCREEN 


MOLAL VELOCITIES THROUGH SCREEN 
SEPARATING AGENT, No 


HEAVY COMPONENT, Ny 
ALL COMPONENTS, WN 


Feed Tails 
0.50 0.25 
0.50 0.4722 
1.00 0.7222 
50 34.6 


L(p—qU) (1 +qU)/p)®—1 


(172) 


In designing a mass diffusion stage 
for extraction of hydrogen, the most 
important quantities are the screen area 
and steam consumption rate per unit 
feed rate required to obtain the specified 
separation factor and hydrogen recov- 
ery. Since the reduced velocity, U, is of 
less interest than gq and p, which are 
proportional to the screen area and 
steam consumption, respectively, it is 
convenient to eliminate U from Equa- 
tions (168) and (172). This elimina- 
tion has been carried out numerically, 
using Do,;/Do2 = 3.408, with the results 
shown in Figure 13. The upper chart 
refers to a constant value for the ratio 
q/p of 0.5; the lower, for a constant 
value of 1.0. In each chart, the separa- 
tion factor, a, has been plotted against 
the hydrogen recovery, A,, for the con- 
stant values of the steam-feed ratio p 
indicated on the individual lines 

As an example of the use of these 
charts, the extraction of a heads fraction 
containing 90% Hy», with a recovery of 
50% from a feed containing 50% Hg, 
will be considered. The material bal- 
ance for this separation is given in 
Table E. 

The separation factor, then, is 

(0.90) (0.654) 


= — - 17.0 
(0.10) (0.346) 


From Figure 13 it is seen that the fol- 
lowing values of g and p will give a 


| en. 


Fa. 


STAGE SEPARATION FACTOR 


TOTAL SCREEN AREA, A 


MYOROGEN RECOVERY 
/$y 

HEAVY COMPONENT RECOVERY 
he / Spe 


Fig. 12. Nomenclature for mass diffusion stage for hydrogen separation. 
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STAGE SEPARATION FACTOR, 4 


os os 


RECOVERY OF HYDROGEN, h, 


Fig. 13. Characteristics of mass diffusion stage for hydrogen production. 
p = moles steam/mole feed //S 


q = reduced screen area/mole feed, (4 8) (p/)o/Z). 


separation factor of 17.0 at 50% Hg, 
recovery : 

q/P 5 1.0 

p 16 

q 3.2 16 


Clearly, the pair of values in the first 
column is preferable. 

From these values of p and gq, the 
steam consumption rate and screen area 
required to produce 1,000,000 std. cu.ft 
day of hydrogen from feed containing 
10% moisture will be evaluated. The 
feed rate § to produce this amount of 
hydrogen with 50% recovery is 


1,000,000 
380 « 0.5 0.5% 0.9 86,400 


= 0.1354 Ib. mole/sec. 


S= 


)The steam consumption rate, given by 
tJ = pS, is therefore 0.948 Ib. mole /sec., 


por 61,400 Ib./hr. The screen area, given 


iby A = is 


x 0.1354 0.111 
2.835 x 


= 18,600 sq.ft. 
O.111 ft. 


A= 


for Z = 


10.3 Comparison with Maier’s Experi- 
mental Results. Of the types of apparatus 
tested by Maier (6), his unit L, using a 
No. 98 Alundum extraction thimble, most 
closely resembles the countercurrent mass 
diffusion stage which has been treated in 
this section. This thimble was 2 mm. thick 
and had an area of 1884 sq.cm. and a 
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nominal porosity of 47.4%. Its O.D. was 
2.0 cm. The outer, annular passage carry- 
ing the light stream had a cross-sectional 
area of 9.4 sq.cm., from which an O.D. of 
4.0 em. and a clearance of 1.0 cm. may be 
inferred. The inner, annular passage carry- 
ing the heavy stream is stated to have had 
a cross-sectional area of 2.9 sq.cm., which 
is incompatible with its O.D. of 1.6 cm. 
The clearance of this passage was probably 
around 0.5 cm. With the throughputs re- 
ported, the flow was always laminar. The 
effective diffusion length of this apparatus, 
calculated as described in Section 5 without 
making allowance for its annular character 
and with the assumption that the fractional 
free area of the screen was the same as 
its porosity, is 


Outer passage 1.0 « 13/35 = 0.37 
Inner passage 0.5 x 13/35 = 0.19 
Screen 0.2/0.477 = 0.42 
0.98 cm. 
(0.0321 ft.) 


Since the gas flow channels of the diffusion 
screen were the irregular voids of a packed 
bed rather than uniform cylindrical holes, 
the fractional free area of the screen must 
have been less than its porosity, and the 
above estimate of the diffusion length of 
the screen must be less than its actual dif- 
fusion length. It will be noted that the 
experimental data may be used to obtain 
an approximate value of 0.10 ft. for the 
actual diffusion length of this apparatus. 

This apparatus was tested by Maier on 
mixtures of hydre ygen and nitrogen contain- 
ing 6.0, 11.1, 26.5, 41.0, 55.5, 77.0 and 90.0% 
hydrogen, at gas feed rates of 0.2, 0.6, 1.0 
and 1.4 1./min., and with the fraction of 
gas diffused ranging from 0 to 100%. 
Steam consumption rates varying from less 
than 2 to around 6 g./min. were used. 
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Complete analysis of the data is not 
possible because only approximate values 
are given for the steam consumption, the 
conditions at which the volume of the feed 
was measured are not stated, and the frac- 
tion of steam passing through the screen 
is not reported. In correlating the data, 
it has been assumed that the normal steam 
rate, reported as between 2 and 4 g./min., 
was actually 3.0, and that feed volumes 
were measured for dry gas at 25° C 

Maier’s results are expressed as plots of 
the “extraction,” FE, the “clean-up factor,” 
P, and the “countercurrent concentration 
ratio,” A, versus “throttling factor,” +x, at 
constant feed composition, feed rate and 
steam rate. These four variables are ex- 
pressed below in terms of the variables of 
Figure 12 


Maier This Paper 


(a: + (yi + Ye) 


hy +hs (recovery of hydrogen plus 
heavy components) 


The stage separation factor may be ex- 
pressed as a function of P and A by: 


A(i—z2z) 


where z = (21 + 2:2), the mole fraction 
of hydrogen in feed on a steam-free basis 


Maier’s experimental results for a 
feed rate of 0.6 1./min. and a steam rate 
of 3.0 g./min. have been converted to 
stage separation factors and plotted 
against hydrogen recovery in Figure 14. 
Each set of points represents one of 
the compositions studied by Maier. The 
reported feed and steam rates corre- 
spond to p = 6.8 and q = 0.639/Z. The 
full line of the figure shows the de- 
pendence of stage separation factor on 
hydrogen recovery predicted by the 
simple theory which led to Equations 
(168) and (172) for the reported value 
of p= 68, and a value of gq = 6.5, 
c rresponding to Z = 0.0984 ft. This 
theoretical line is in good agreement 
with Maier’s results for feed composi- 
tions of 6.0 and 77.7% hydrogen, but is 
somewhat higher than the points at in- 
termediate feed compositions. The scat- 
ter of the individual points, however, 
is no greater than would be expected 
for variations in the steam rate from 
2.0 to 4.0 g./min., with the exception 
of the two low points at 11.1% hydro- 
gen, which are obviously in error. 

The dashed line is the theoretical 
curve for p = 6.8 and q = 8.0, corre- 
sponding to Z = 0.080 ft. Although it 
fits the entire group of points somewhat 
better than g = 6.5, it is a less satis 
factory fit of the trend of a vs. h, ob- 
served at any one feed composition. For 
this reason, a value of q = 6.5, corre- 
sponding to Z = 0.1 ft., is regarded as 
representative of the data. 
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The fact that the line for q = 6.5 falls 
somewhat above the average of the 
observed points is attributed to separa- 
tive inefficiencies not taken into account 
by theory. These might include varia- 
tions in pressure difference across the 
screen from point to point, and non- 
uniformity of hole size, permitting a 
greater molal velocity of steam through 
some holes than others. 


104 Exact Theory of Stage Char- 
acteristics. To show that the differences 
noted between the experimental results 
and the simple, approximate theory is 
not due to errors introduced by the 
approximations, a curve of a versus h 
for p= 68, 65, and z= 0.555 
was worked out without using the ap 
proximation for the molal velocity of 
heavy components introduced by Equa- 
tion (169). This curve, represented by 
the dashed line of Figure 15, is com- 
pared with the predictions of the simple 
theory, represented by the full line. The 
difference between the simple and exact 
theories is much less than the difference 
between the former and the experi- 
mental points. 

The nomenclature of Figure 12 is 
used in deriving an exact expression 
for the stage separation factor, a. Since 
Equation (143) for the molal velocity 
of hydrogen is of the same form as 
(118) for the main components in the 
isotope separation case, the mole frac- 
tion of hydrogen in the heavy stream 
at a fraction @ of the area from the feed 
end to the tails end of the stage may 
be written by analogy with Equation 
(121), by substituting the mole fraction 
of hydrogen (2,4) for the mole frac- 
tion of main components (&,). With 
this substitution, result of dividing 
Equation (121) by Equation (122) is: 


(173) 


where J, has been written for S4,+J—T. 
By material balance, the mole fraction 
of hydrogen in the light stream at the 
same point is: 


Vie > 
1 


Serie ~ Tx, 
1 


| 


H(TH 
S\ JS 


Since 
= S(1+ qUé@) 
S(1+qU) 
S(p—qu) 
and 


J=Sp 


these equations give 4 ,, and yyy as 
functions of @, for assigned values of 
gand U. 

N,/N may be obtained as a function 
of @ by substituting these values of ry, 
and v4 in (143). From (148), we see 
that V,/N is of the form: 


= 
where 


(1 — ¥y9) — (1 — 


— yy9) — 0-9 


(176) 


Da ; 

(177) 


Since and N,/N are known 
functions of @, F and A are known func- 
tions of @, also. 

A differential equation for the mole 
fraction of heavy component in the 
heavy stream, 499, is obtained from the 
differential material balance for heavy 
component : 


d( Sgx a9) 
VAd0 


The mole fraction of heavy component 
in the light stream, yo, may be ex 
pressed in terms of to by means of a 
material balance on this component 
between area @ and the tails end of 
the stage: 

— Tx. 


Te (179) 


By eliminating yo, and substituting g//S 
for NA in Equation (178) 
1 drag 
gU de 


is obtained. This is a first-order, linear 
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Fig. 14. Comparison of simple theory 
(line) with Maier’s measurements 
(points) p = 6.8. 


differential equation in +49, whose inte- 
grating factor is e'’, where 


So 
0 


Its solution, subject to the conditions 
= Ze at@=0 


at @=1 


ln 
UST 
er+q ST 7,5, 
(182) 


Thus, for assigned values of p, q, U, 
2; and 29, t2/z_ may be evaluated by 
carrying out two numerical integrations. 
Since 


(183) 


an exact expression for the separation 
factor, a, is obtained from (171), using 
(168) for h, and (183) for hy. This 
procedure was used to calculate the 
dotted curve of Figure 15, with p = 68, 
q = 65, 2; ty = 0.445 


Notation (Part II) 


@ = ratio of stage screen area 
to upflow,* ( sq.ft.) 
(sec.) /Ib.mole, A/V 


A = stage screen area, sq.ft. 
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Fig. 15. Comparison of simple and 


p = 68, 


Simple 


exact theory. 
q> 6.5, a= 0.555, 
= 0. 


; Exact - - - - 


= bottoms flow rate,* Ib.mole 


/sec. 


= diffusion coefficient of in- 


dicated pair of compo- 
nents, sq. ft./sec. 


= mean diffusion coefficient, 


sq.ft./sec., Eq. (15) 


= base of natural logarithms 


feed rate,* Ib.mole /sec. 

recovery of main compo- 
nents, V/(L+V) or 
Hn/SE 

recovery of hydrogen, 
Hy,/Sx, 

recovery of heavy compo- 
nents, Hyo/Sx, 

stage heads flow rate. Ib. 
mole /sec., Figs. 9 and 12 

Eq. 


integrating factor, 


(181) 
ratio of separating 
to upflow,* J/V 


agent 

flow rate of separating 
agent, Ib.mole /sec. 

downflow rate of heavy 
stream,* Ib. mole/sec., 


Figs. 6 and 8 


= number of stages 


= total number of stages 


= molal 


velocity, 
(sq. ft.) (sec. ) 


Ib.mole / 


= ratio of separating agent 


to stage feed rate, J/S 
or jhé 

dimensionless ratio of 
screen area to stage feed 
rate, sq. ft.sec./Ib.mole, 


D.pA/SZ or aD pth /Z 


= stage feed rate, Ib.mole / 
sec., Figs. 9 and 12 


= stage 


= reduced 


flow rate, Ib. 
Figs. 9 and 


tails 

mole /sec., 
12 

molal 

through screen, 
NZ/Do,p or NZ/Dop 


velocity 


16-29 


16) 20 


= uptlow 


mole fraction light compo- 
nent* within hole of 
screen, Fig. 5 

rate of light 

stream,* Figs. 6 and 8 


= mole fraction of light com- 


ponent in heavy stream 
on separating agent-free 
basis, Figs. 5 and 6 

stage process, mole 
fraction of light compo- 
nent in stage tails on 
separating agent - free 
basis, Fig. 9 


in 


= in stage process, the mole 


fraction of the desig- 
nated component in stage 
tails, Fig. 12 


= mole fraction of light com- 


ponent in heavy stream 
at point @ on separating 
agent-free basis, Fig. 9 


= mole fraction of the desig- 


nated component in 
heavy stream at point @, 
Fig. 12 

mole fraction of ith(jth) 
component 


= mole fraction of light com- 


= in 


ponent in light stream 
on separating agent- 
free basis, Figs. 5 and 6 

stage mole 
fraction of light compo- 
nent in stage heads on 
separating agent - free 
basis, Fig. 9 

Stage 


in process, 


mole 
desig - 
in 


process, 
fraction of. the 
nated component 
stage heads, Fig. 12 


= mole fraction of light com- 


= mole 


= mole 


ponent in light stream at 
point @ separating 
agent-free basis, Fig. 9 


on 


fraction of desig- 
nated component in light 
stream at point @, Fig. 
12 

fraction of light 
in feed on 
agent - free 


component 
separating 
basis, Fig. 9 
effective diffusion length 
of screen and light and 
heavy streams, it. Z, 
+ 
Stage separation 
1/(e" —1) 
cUDa Dee 1 


factor, 


separability, Eq. (14) 

Eq. (176) 

function of diffusion 
efficients, Eq. (145) 


co- 
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in stage process, mole 
fraction of main com- 
ponents in stage heads, 


Fig. 9 


= mole fraction of main com- 


= fraction 


= mole 


= in 


& = 


= 


= molal 


= stage 


= separation 


ponents at point @ in 
light stream, Fig. 9 
of stage screen 
area from feed end of 
stage to point under 
consideration, Figs. 9 
and 12 
fraction of main 
components in stage tails 
stage mole 
fraction of main compo- 
nents in stage feed, 
Fig. 9 
mole fraction of main com- 
ponents at point @ in 
heavy stream, Fig. 9 


process, 


separation potential 
stripping section, 
(57) 

potential 

rectifying section, 

(59) 

density, Ib.mole/ 

cu.ft. 

enrichment factor, 


Svupescripts: 


= separating agent 


light component, or hydro- 
gen 

heavy component 

bottoms or stripping sec- 
tion 


= tops or rectifying section 


feed 


= tails stream 


point within stage 


* On separating agent-free basis 
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SWEEP DIFFUSION GAS SEPARATION 


PROCESS 


PART Il 


MARIO T. CICHELLI, W. D. WEATHERFORD, JR., and JOHN R. BOWMAN 


Mellon Institute, Pittsburgh, Pennsylvania 


ART I of this article which was 

published in the February issue, cov- 
ered the theoretical anajysis of a new 
gas separation process known as “sweep 
diffusion.” In this installment the ex- 
perimental work, including the compar- 
ison of theory with experiment, applica- 
tions, and conclusions are described. 


Experimental 
Apparatus and Experimental 
Procedures 


The sweep diffusion process has been 
investigated experimentally, and the de- 
sign and performance of three labora- 
tory columns are discussed. The sum- 
mary of the experimental data and re- 
sults of these investigations is presented 
in Table 1, 


Experimental Sweep Diffusion Columns. 

Each column consists of an annular sepa- 
rating zone with a liquid curtain flowing 
down one of the boundary walls (Figs. 9, 
11, 12). Sweep vapor is introduced into the 
annulus and diffuses across the working 
space to the liquid curtain where it is con- 
densed, and the downflowing liquid is col- 
lected in a reservoir at the base of the 
column. The liquid is pumped from this 
reservoir into a distributor which intro- 
duces liquid around the top of the liquid 
guide tube. Countercurrent flow of t 
gases in the annulus is established as a 
result of the drag of the downflowing 
liquid curtain 

Feed gas is introduced into the working 
space at an intermediate point along the 
column. The top product is withdrawn 
from the top extremity of the separating 
zone, and the bottom product is withdrawn 
from the gas space in the liquid reservoir 
at the base of the column 

The three laboratory columns, though 
similar, are different in many respects. 
Columns M1 (Fig. 9) and S3 (Fig. 11) 
are made of glass whereas column S5 (Fig 
12) is made of metal. In columns M1 and 
S5, the sweep vapor is introduced into the 
working space throughout the length of the 
enriching and stripping sections of the col- 
umn; however, in column S53, the vapor is 
introduced only at the bottom of each sec- 
tion. The vapor diffuses radially inward in 


column S3 but diffuses radially outward in 
columns M1 and S5. 

In columns M1 and S5 there is no pro- 
vision for insuring dry vapor feed, and the 
measured vapor rate includes any conden- 
sate formed in the vapor inlet tube. In 
column 53, any condensate formed in the 
vapor inlet jackets is withdrawn from the 
base of each jacket, and therefore, the 
measured vapor rate for column S3 includes 
only the vapor condensed within the 
column. 

The liquid curtain distributor in columns 
53 and SS consists of an annular orifice. A 


perforated sparger ring is utilized as a 
liquid distributor in column M1. The width 
of the distributor orifices in columns $3 and 
S5 is 0.4 mm. and 0.38 mm., respectively. 

In the runs made with column S3, utiliz- 
ing ammoma as the sweep vapor, dilute 
acetic acid ts used for the liquid curtain, 
and the effluent acid from the reservoir at 
the base of the column flows through a 
needle valve to the drain. The liquid cur- 
tain feed is pumped from an acid make-up 
reservoir into the liquid curtain distributor, 
and tap water flows into the make-up 
reservoir at a rate which is manually ad- 
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Fig. 9. Sectional view of sweep diffusion column M1. 
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Brgnze Strip purchased from the Amplex 


Vole % Bottoms 
He in Flow 


Tops S.C.F.H.- 


S.C.P.H. 


TABLE le 
SUMMARY OF EXPERIMENTAL DATA AND RESULTS 


Column Ml; Hydrogen-Watural Gas Separations; 


Steam Sweep Vapor; Water Liquid Curteia 


Feed 
Rate 
S.C.F.H. 


Tops to Bottoms Tops 
Peed Temp. Temp. 
Ratio 


Tops 
Plow 


78.2 0.374 
50.3 4.21 
6.1 2.03 
47.2 6.6 
53.4 §.45 
50.8 3.2u 
52.7 3.94 
52.0 25049 
52.5 4-00 
$1.7 4.18 
61.3 7.83 
48.7 0.95 
$1.9 0.48 
84.0 2074 
66.7 1.82 
80.6 3.18 
45.9 65.5 1.71 
45.9 56.9 0.97 
45.9 51.5 0.46 
45.9 64.6 1.83 
45.9 67.8 1.77 
45.9 66.2 1.72 
4529 67.0 1.77 
45.9 69.2 1.77 
45.9 5704 1.78 
45.9 67.9 1.75 
45.9 67.5 1.61 
45.9 66.0 1.77 


justed to maintain a constant level. Glacial 
acetic acid is fed to this reservoir at a pre- 
determined rate from a constant-head acid 
supply bottle. 

The method of feed gas introduction is 
different in each of the columns. The feed 
enters the working space of column M1 
through a 1.5-mm. I.D. tube which is di- 
rected downward near the liquid curtain. 
In column S3, the feed gas may enter the 
separating zone through two 6-mm. LD. 
tubes sealed perpendicular to the column 
wall, or it can be mixed with the vapor 
feed to either the enriching section or the 
stripping section. In column S5, the feed 
gas enters the working space through the 
wall of a short length of porous bronze 
tube fabricated from 0.031-in. thick Oilite 


division of Chrysler Corp. Other lengths 
of this type of tubing serve as the vapor 
entry wall for the enriching and stripping 
sections. 


Auxiliary Equipment 


Vapor Supply. In the runs made with 
column M1, the sweep vapor was continu- 

| ously generated from distilled water in an 
} electrically heated spherical flask (Fig. 10). 
| This boiler was used also during part of 


0.545 
0.515 
0.765 
0.233 
02350 
0.622 
0.522 
0.699 
0.536 
0-517 
0.132 
0.900 
0.874 
0.266 
0.516 
0.156 
0.537 
0.758 
0.879 
0.513 
0.521 
0.530 
0-525 
0.525 
0.514 
0-528 
0.524 
0.525 


0.447 0.821 
4.44 8.65 
6.535 6.56 
2.0 8.6 
2.79 6.44 
5.26 6.46 
4.31 8.25 
5.78 8.27 
4.62 6.62 
4.47 8.65 
1.20 9.03 
8.0 9.35 
3.87 3.63 
1.10 3.84 
1.94 3.76 
0.59 3.77 
1.98 3.69 
3.96 4.93 
3.34 3.80 
1.935 3.76 
1.92 3.69 
1.94 3.66 
1.94 3.71 
1.96 3.75 
1.68 3.66 
1.96 3.71 
1.99 3.80 
1.96 3.75 


the runs made with column 53, but after 
run 53-29, and during all the runs made 
with column S55, the steam was obtained 
from a 35 Ib./sq.in. gage steam supply line, 
and the flow was controlled manually with 
a needle valve 

In the runs made with column S3 using 
ammonia as the sweep vapor, the sweep 
vapor was generated continuously by pass- 
ing liquid ammonia through a constant tem- 
perature vaporizer coil, reducing the pres- 
sure, and passing the vapor through a cali- 
brated orifice into the vapor feed line. 

The column vapor feed line is heated 
electrically, and the heat input is regulated 
to maintain essentially saturated vapor 
feed to the column unless otherwise noted 
in the data. Liquid is withdrawn from the 
reservoir at the base of the column at a 
rate sufficient to maintain the reservoir 
level constant. When steam is used as the 
sweep vapor, the vapor rate is determined 
by measuring the quantity of the liquid 
withdrawn during a run of known length, 
correcting it for the quantity of vapor 
present in the product gas streams. 


Feed Gas Supply. In the hydrogen- 
natural gas runs and air runs, the feed gas 
flows from a compressed gas or compressed 
air storage cylinder through a pressure 


TABLE 


TAELE 1b 
SUMMARY OF EXPHR IMENTAL DATA AND RESULTS 
OF EXPHIMERTAL DATA AND RESULTS 


Column M1; Air Separations; Steam Sweep Vapor; Water Liquid Curteia 


Mle Bottoms Tope 
Oe ia Plow Plow 


Tope S.C.P.H. 


21.6 1.268 1.280 


2.4 
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Progress 


Liquid 
Column Vapor Curtain 
Pressure Consumption Feed Pressure 
p-Selea. lbs./nr. Drop, om-Hg. 


17.5 
186.9 
17.9 
17.6 
1764 
17.9 
17.4 
17.4 
17.4 
17.5 
17.5 
17.5 
17.5 
17.5 
17.5 
17.6 
17.5 
17.5 
17.5 
17.2 
17.2 
17.1 
17.1 
17.1 
17.2 
17.1 


regulating valve to the column feed inlet, 
and the column pressure is controlled by 
this valve. 

In the smoke runs, the smoke feed is 
generated by forcing air through a burning 
cigarette in a pyrex glass apparatus. Two 
ot these “smoke tubes,” connected in 
parallel for alternate use, are installed in 
the air line to the column. The density of 
the smoke feed entering the column is con- 
trolled by regulating the flow of air 
through a by-pass around the “smoke tube.” 


P roduct Analysis and Metering. When 
steam is used as the sweep vapor in hydro- 
gen-natural gas separations, water vapor is 
removed from the product gas streams by 
allowing each stream to flow through a 
water jacketed condenser and a dry ice 
cooled water trap (Fig. 10). When am- 
monia is used as the sweep vapor, the 
product streams pass through concentrated 
sulfuric acid absorption traps, which re- 
move ammonia and water, rather than 
through the freeze-out traps 

In air runs an Orsat apparatus is used 
for analyzing the oxygen- nitrogen mix- 
tures, and the accuracy of these analyses is 
estimated to be +0.2 mole % 

In hydrogen-natural gas runs, portions 
of the product streams are diverted through 
two Gow-Mac thermal conductivity cells 
for analysis. The cell currents are main- 
tained constant by means of a variable 
resistor, and a potentiometer and fixed re- 
sistor. The thermal conductivity cell 
analyses are estimated to be accurate to 
+0.1 mole %. 

The effluent gas streams from the analy- 
sis cells are recombined with the respective 
product streams for flow measurement. A 
calibrated orifice is provided in each prod- 
uct stream for metering relatively large 
flow rates, and a wet test meter is con- 
nected in series with each orifice for meter- 
ing small flow rates. The effluent gases 
from the wet test meters are combined 
and vented. 
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2 Run Hein He in Temp. 
m-4 36.3 36.0 1.77 - - , 
5 33 32 1-41 - - 
7 32.0 32.0 0.90 
9 03.5 32.5 1.43 - - 
10 37.0 45.0 2.00 
ll 3665 50.0 2.01 - - 
12 39.8 52.8 2-1 - 
18 3200 30.0 1.35 - - 
19 33.0 31.0 1.45 - - 
21 32.0 34.0 1.40 - - 
ree 22 32.0 31-5 1.78 - - i 
23 3200 3165 1.62 - - 
24 31.0 30.5 1.42 - 
25 $1.0 30.5 1.32 - 
27 31.5 3340 1.40 - - 
28 2920 2840 1.22 2.0 216 
29 2605 2665 1.37 1.7 220 
30 29.0 29.0 1.51 1.9 237 
31 30.0 1.45 2.0 282 
32 31.0 1.42 1.9 324 
33 319 S105 1.62 1.0 328 
4 30.0 3220 1.67 4.3 300 
35 31.0 31.5 1.65 205 301 
36 31.0 31.0 1.70 1.9 292 
| 
| 
— 
Run (On in (Oe Bottoms Tope Column Vapor 
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A Fig. 10. Column M1 and auxiliary equipient. 


Experimental Results 


Column M1 

Hydrogen-Natural Gas Separations. The 
separation of hydrogen from hydrogen- 
natural gas mixtures was investigated with 
column M1, and the results are presented 
in Table la and Figures 13 and 14. The 
liquid curtain rate was approximately 130 
Ib./hr. in all runs except runs M1-33-35. 

Results presented in Figure 13 show the 
effect of varying the feed gas rate while 
maintaining all other variables essentially 
constant (runs M1-4, 10, 12, and 23). These 
results show that the degree of separation 
(yo — ys), which is relatively good at low 
feed rates, decreases rapidly with increas- 
ing feed rate. Results shown in Figure 14 
demonstrate the effect on the product com- 
positions of varying the tops-to-feed ratio 
at two different feed rates while maintain- 
ing all other variables essentially constant 
(runs 1-5, 6, 8, 9, 21, and 23-27). 


Air Separations. The degree of separa- 
tion obtained during the two air separation 
runs with column M1 (runs M1-14 and 15) 
was smaller than that observed in the 
hydrogen-natural gas separations because 
the diffusivities of oxygen and nitrogen 
through steam are more nearly equal than 
those of hydrogen and methane. Separa- 
tions produced an enriched oxygen stream 
as the overhead product. Comparison of 
the two runs shows that essentially no 
change in separation was obtained by de- 
creasing the feed rate from 2.5 S.C.F.H. 
to 0.26 (Table 15). 


Column S3 


Smoke Separations. A series of runs 
was made to investigate the separation of 
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TAELE le 
SUMMARY OF EXPERIMENTAL DATA AND RESULTS 


Column $3; Hydrogen-Natural Gas Separations; 
Steam Sweep Vapor; Water Liquid Curtain 


Runs S3-3 to 10, feed entered through tubes perpendicular 
to column wall; in remaining rune on column $5, the feed 
entered at upper vapor inlet. 


Mole % Mole X Mole % Bottoms Tops Peed Tops to Bottoms Tops Column Vapor Liquid 
He in He in He in Plow Plow Rate Feed Temp. Temp. Pressure Consumption Downflow 
Feed Bottoms Tops S.C.F-H. S-C-F-H. S-C.F-H. Ratio los./nr- Rate, lds./hr. 


45.9 45.8 47.8 0.521 0-365 0.686 0.532 30.5 17.6 1.79 
45.9 16.8 74.0 0-380 0.417 0.797 0-523 0.0 17.6 216 
45.9 15.7 74.8 0.578 0.419 0-526 0.5 17.6 200 
45.9 18.6 7203 0-579 0.412 0.521 17.6 155 
45.9 28.2 63.5 1.088 1.173 0.519 17.4 179 
45.9 33.9 56.2 1.97 1.99 0.503 17.6 
45.9 3922 53.3 53.37 3.00 0-471 17.6 
45.9 41.35 50.7 4.08 4.38 0.518 17.7 
51.6 42.4 60.0 3.92 4.46 0.632 17.6 
51.6 40.5 61.8 5.07 3.45 0.528 17.6 
$1.6 35.3 67.5 1.90 2.06 0-520 17.6 
51.6 2967 1.06 1.21 0-533 17.7 
51.6 22.6 0.467 0.571 0.550 17.6 
$1.6 45.9 6.10 6.64 0.521 17.8 
51.6 35.8 1.589 1.632 0.506 17.9 
51.6 352 1.598 1.632 0.505 17.9 
51.6 34.2 1.660 1.730 0.510 17.9 
51.6 33.8 1.599 1.669 0.810 17.9 
51.6 33.0 1.545 1.747 0.530 17.9 
$1.6 36.3 1.545 1.590 0.507 17.9 
15.0 13.2 5.07 0.754 0-150 17.6 
15.0 12.6 4-97 0.738 0.130 17.7 
15.0 1.74 1.57 0.475 17.5 
15.0 0.896 4.97 0.846 17.5 
51.6 2.75 1.06 0-278 17.6 
51.6 0.829 3.30 0.799 17.6 
51.6 1.20 2.63 0.685 17.5 
4742 1.550 1.583 0.606 17.6 
47.2 1.535 1.576 0.507 17.6 
47.2 1.627 1.627 0.500 17.6 
4742 1.642 1.627 0.498 17.6 
4742 1.679 1.670 0.499 17.6 
47.2 1.530 1.546 0.505 17.6 
47.2 1.568 1.561 0.496 17.6 
4742 1.596 1.561 0-495 17.6 
47.2 1.678 1.592 0.488 17.6 
47.2 1.528 1.61 0-512 17.6 
47.2 1.528 0.506 17.5 
4762 1.510 17.5 
47.2 1.578 0.509 17.5 
47.2 3.64 0.601 17.5 
47.2 3.56 0.801 17.5 
47.2 3.53 0.502 17.5 
4742 3.52 0.520 17.7 
4722 3-45 0-626 17.6 
47.2 3.51 0.518 17.6 
47.2 3.46 0.525 17.6 
3.51 0.518 17.6 
0.515 17.5 
0.509 17.6 
0.511 17.6 
0-494 17.5 
0.495 17.4 
0.495 17-4 
0.495 
0.495 17.4 
0.502 17.5 
0.505 17.5 
0.507 17.5 
0.506 17.5 
0.512 17.3 
0.495 17.5 
0.508 17.5 
0.493 17.6 
0-506 17.6 
0.516 17.7 
0.505 17.8 
0.499 17.7 
0.810 17.6 
0.510 17.3 
0.510 17.4 
0.512 17.4 
0.519 17.3 
0.494 17.7 
0.495 17.6 
0.494 17.7 
0.497 17.7 


- 
No. 
S3- 3 
8 
7 
9 
10 
13 
14 
15 
16 
24 
25 
26 
35 
36 
37 
38 
39 
41 
42 
45 

47 
48 
49 
| so 4 
$1 
52 
54 
55 
58 
‘ 60 
61 
62 
64) 
65 
78 
79 
81 
82 
83 
84 
Lie 85 
e7 
89 
90 
9 
92 
93 
94 
95 
96 
97 
98 
99 
lol 
102 ; 
103 
: 
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Fig. 12. Sectional view of sweep diffusion column SS. 


cigarette smoke from air, and the results 
are shown in Figure 15. The feed was in- 
troduced with the vapor at the lower vapor 
inlet during these runs, and the liquid cur- 
tain rate was 200 Ib./hr. 

Results demonstrate that when no bottom 
product is withdrawn while the vapor rate 
is substantial, most of the smoke is removed 
from the overhead product and apparently 
remains in the circulating liquid (run S3- 
324). Likewise, when the overhead and 
bottoms products are withdrawn at equal 
rates, most of the smoke is removed from 
the overhead product, while a small amount 
is removed from the bottom product (runs 
S3-32B and D). When no vapor is intro- 
duced, essentially no smoke is removed from 
either product (run S3-32C). 

It was found that, for the conditions of 
runs $3-32B and D, no change in the de- 
gree of separation is apparent when the 
liquid curtain rate is decreased to zero 
This indicates that essentially complete 
removal of smoke can be effected by a 
single-stage process. 


Hydrogen-Natural Gas Separations 


Steam as Vapor (Table 1c). Use of two 
different types of feed entry means was 
investigated in runs S3-3 through 16. In 
runs $3-3 through 10, the feed was intro- 
duced perpendicular to the column wall 
through two diametrically opposite inlet 
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Effect at 


tubes, located immediately below the upper 
vapor inlet (Fig. 11). In runs S3-11 
through 16, the feed was introduced essen- 
tially parallel to the column wall by allow- 
ing it to enter with the vapor through the 
upper vapor inlet. The feed rate was varied 
with each type of feed entry while all 
other operating conditions were maintained 
essentially constant 

Results demonstrate that when the feed 
is introduced through the inlet which is 
essentially parallel to the column wall, the 
separation (yo — ys) is much better than 
when it is introduced through the perpen- 
dicular inlets. The poor performance of 
column S53 when the feed enters through 
the perpendicular inlets is undoubtedly due 
to mixing of the countercurrent gas streams 
caused by this method of feed introduction. 


FEEO RATE, S.C.FH. 


13. Hydrogen-natural gas separations. 
eed rate on 


gree of separation in column M1. 


As a result of this investigation, the feed 
gas was introduced with the vapor through 
the upper vapor inlet in all subsequent runs 
made with column S3. 

The effect of the feed rate on the degree 
of separation (yo — ys) was investigated 
in runs S3-53, 63, 97, and 103, and the re- 
sults are presented in Figure 16. It should 
be noted that when the feed is introduced 
with the vapor through the upper vapor 
inlet at rates greater than about 5 S.C.F.H 
the resulting separations are better 
than those observed with column M1 for 
similar operating conditions; however, the 
performance is poorer than that of column 
M1 at lower feed rates. 

The fact that the performance of column 
S3 is poorer than that of column M1 at 
the lower feed gas rates is probably a 
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=f le —SUMMARY OF EXPERIMENTAL DATA AND RESULTS result of the different method employed for 

introducing vapor into the separating zone 

Ges Separations of column The vapor is introduced 

Geter only at the bottom of the enriching section 

and at the bottom of the stripping section 

in column S3, whereas it is introduced 

tle Bottoms Tepe throughout the length of column M1. 

4 - Therefore, although the dimensions of the 

columns are the same, the effective length 

of column S3 is probably less than that of 

column M1. The superior performance of 

column S53 at the higher feed rates, when 

the feed is introduced with the vapor 

through the upper vapor inlet, is probably 

a result of the more efficient feed entry 

means. (It should be recalled that the 

feed entered column M1 through a single, 

downwardly directed nozzle in the an- 
nulus). 

The effect of the liquid curtain downflow 
rate was investigated at several feed rates 
in runs $3-24 through 29, 42 through 65, 
and 78 through 103, Results of this inves- 
tigation are presented graphically in Figure 
17. Data for Figure 17 were selected so 
The colums was realligned after run 85-7 so thet the liquid distribution was more unifors. that the maximum variation in the vapor 
18 rate for all the points is less. than 10%, 

tween the upper and lower separsting sections in all other rune and so that the maximum variation in the 

feed rate for each series of constant-feed- 

rate points is less than 5%. At each feed 

rate investigated, the separation (yp — ys) 

increases as the liquid curtain rate is in- 

creased ; however, at the lower feed rates, 

an optimum liquid rate is reached, above 

which increasing liquid rate does not appre- 

AVG. STEAM RATE = |.4 LBS. /HR. ciably change the separation. ; 

LEGEND: ee = ran The effect of the tops-to-feed mole ratio 

ms C. FRACTION on the column performance was investigated 

in runs S3-13, 39, 40, and 41, and the 

0.459 results are presented graphically in Figure 

0.449 18. These results agree qualitatively with 

those obtained with column M1; however, 

the separations (yo — ys) are only about 

three fourths as great as those obtained 

with column M1 under similar operating 
conditions. 

Ammonia as Vapor (Table 1d). Am- 
monia was used as the sweep vapor in 
runs S3-104 and 105 in order to obtain 
data showing the extent to which thermal 
diffusion affects sweep diffusion separa- 
tions. Operating conditions were adjusted 
to reproduce those used in runs 53-25 and 
27, except for the temperature of the vapor 
feed, and the comparative results are pre- 
sented in Table 2. The room temperature 
ammonia run (run $3-104) yielded better 
separation than that observed in the steam 
runs, and the separation was improved 
somewhat when the vapor temperature was 
increased (run S3-105). 


| 


292853383838 


Column S5 


Hydrogen-Natural Gas Separations. The 
separation of hydrogen-natural gas mix- 
tures was investigated with column 55, and 
the results are presented in Table le and 
Figures 19-21. 

The degree of separation was found to 
go through a maximum as the liquid cur- 
tain rate was increased at two different feed 
rates while all other variables were main- 
tained constant (runs $5-5, 8-15, 
and 22; Fig. 19). 

Results presented in Figure 20 show the 
effect on the degree of separation of vary- 
ing the sweep vapor rate at two different 
feed rates, while maintaining all other 
variables essentially constant (runs S5-6, 
4 8, 11, 13, 16-18, and 21). The effect of the 
0.2 0.4 0.6 feed rate on the degree of separation is 

% ,» MOLE RATIO also indicated in Figure 21 in which the 
separation is shown as a function of the 

Fig. 14. Hydrogen- natural gas separations. feed rate at several constant vapor rates 

Effect of tops 12 feed ratio on product compositions in column M1. (runs S5-8, 11, 13, 16-18, and 21). 
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Comparison of Theory and 
Experiment 


Calculation Procedure 


There are several ways in which the 
developed theory may be compared to the 
observed results. It was found useful, for 
example, to compare the length of column 
theoretically required to give the observed 
separation to the actual column length. The 
ratio obtained, «, is called the column effi- 
ciency, and is analogous to the over-all 
plate efficiency of distillation. This pro- 
cedure permits rational design of commer- 
cial scale columns from data obtained on 
bench-scale equipment. It was found desir- 
able also, in certain cases, to compare the 
predicted product compositions to the ob- 
served product compositions. In either case 
it is necessary first to evaluate the appro- 
priate quantities appearing in Equations 
(61)-(66) and (6ls)-(66s), and then to 
solve for the unknown value. The pro- 
cedure followed for the enriching section 
is to evaluate in turn, No, Du, Da, 


an*, ae*, s from Equation (20), P — po by 
(19), po from (21), Ka from (23), Res 
from (41), U from (43) or (45), m' for 
parallel planes from Figure 7, m for curved 
surfaces from Figure 7 and Equation (68), 
E" for curved surfaces from (69) or (70), 
L from (40), Hs from (32), Hr trom 
(57), H from (56), Ke from (33), K from 
(54), » from (59), and finally either Z, 
or yo from the appropriate equations in the 
group from (61) to (66), where one of 
these quantities is the observed value and 
the other the predicted value. A similar 
procedure is tollowed for the stripping 
section 


Ja, ars", 


Effect of Longitudinal Diffusion and Ther- 
mal Diffusion 


To determine magnitude of the predicted 
efiects of longitudinal diffusion and thermal 
diffusion, several calculations were made 
using the data of a typical hydrogen-natural 
gas run on column M1, wherein terms re- 
lating to longitudinal diffusion (Ke) and 
thermal diffusion (//r) were alternately in- 
cluded and set equal to zero, It was as- 
sumed that the natural gas was pure 
methane. In the evaluation of the thermal 
diffusion constants, a value of 8 was chosen 
as the exponent relating the force between 
molecules and their distance from each 
other. From Jones and Furry (6), Rr is 
then 0.366, and the thermal diffusion con- 
stants are readily calculated. 

Product compositions predicted for the 
various cases are given in Table 3. Under 
the conditions of this run, longitudinal 
diffusion affects the predicted separation 
by less than 1%. This would normally be 
the case in sweep diffusion columns, and 


TABLE 2 


EFFECT OF CHANGING THE SWEEP VAPOR AND 
VASYING THE VAPOR TEMPERATURE IN COLUMN SS 


Tops rate: 5 std. cu.ft./hr. 
Bottoms rate: 0. 


Run $3-32A. 
1:40 p.m. steam rate: 3 Ib. /hr. 


Tops rate: 3 std. cu-ft./hr. 
Bottoms rate: 3 std. cu.ft./hr. 


Run $3-32C. 
1:46 p.m. Steam rate: 0. 


Tops rate: 3 std. cu.ft./hr. 
Bottoms rate: 3 std. cu.ft./hr. 


Run $3-32B. 
1:43 p.m. Steam rate: 3 Ib./hr. 


Tops rate: 3 std. cuft./hr. Bottoms 


rate: 3 std. cu.ft./hr. 


Run §3-32D. 
1:53 p.m. Steam rate: 3 Ib. /hr. 


Fig. 15. Separation of smoke from air with column $3. 


the Aq term would become important only 
if fc is considerably less than 10° g.moles 
(cm.) (sec.). 

Table 3 also shows that the theory pre- 
dicts an improvement in separation due to 
thermal diffusion of about 5% when 


AT/1 0.22. If both thermal diffusion 
and longitudinal diffusion terms are set 
equal to zero, a slight compensating effect 
is evident 

Although column S3 did not meet the 
design conditions of a theoretical sweep 


Fig. 16. Hydrogen 
natural gas separations. 
Effect feed rate on 
degree of separation in 
column $3. 


Hydrogen-Natural Ges Separations 


Vapor 
kate 
Lb .Moles 


Feed 
Rate 
S.C.F-H. 


Seperation 
100 (yp-v3) 
Mo lex 


(100)( yg), MOLE PERCENT 


0.1005 
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Effect of liquid curtain rate +. 
in column S. 


diffusion column in that the vapor was not 
equally distributed along the column, the 
runs using ammonia to separate hydrogen 
from natural gas showed an increase in 
separation of just 5% when the ammonia 
entry gt was raised from 74° to 
174° F.; ie, AT/T = 0.17. Since the dif- 
fusion jeuneatin of ammonia are much like 
steam, this result is a rough check of the 
theoretically predicted thermal diffusion 
effect. 


Evaluation of Column Efficiency 


The column efficiency, ¢, was calculated 
tor several runs made on columns M1 and 


TABLE 35 


PREDICTED BPPECT OF THERMAL DIFFUSION AND LONGITUDINAL DIFFUSION 


separations. Fig 


legree of separation 


S5, and the results are tabulated in Table 
4. Perhaps the most striking experiments 
supporting the theory are the runs on air, 
where oxygen, though higher in molecular 
weight, diffuses through steam more rap- 
idly than nitrogen because of its smaller 
molecular diameter and as a result is en- 
riched in the top stream, as predicted by 
theory. The separation obtained could have 
been achieved in about 58% of the length 
of column M1 for a theoretically perfect 
column. The over-all column efficiency, ¢, 
did not. change with feed rate in the air 
runs. Thus, the experimental results and 
the theory agree in that the separation is 
not improved by lowering the feed rate. 


ON GAS SEPAXATION IN THE SWEEP DIFFUSION PROCESS 


Run Number 
L00yp: 


100yp Predicted: 
All Terms Included 
Ka Set Bquel to Zero 
Ry Set Equal to Zero 
Both K, and B, Set Equal to Zero 


0.4 0.6 0.8 


%. MOLE RATIO 
Hydrogen-natural gas separations. 


18. 
Effect a tops to feed ratio on product compositions 


in column $3. 


Using the distillation analogy, the condi- 
tions of both air runs are such that the 
18-in. long column corresponds to less than 
two theoretical plates, and the reflux rate 
is adequately high in the high feed rate 
run so that increasing the reflux ratio (by 
lowering the feed rate) has a small effect 
on the separation obtained. To improve the 
separation, it is necessary to use a longer 
column or a higher vapor rate. 

In the hydrogen-natural gas runs, the 
values of «, for 41-4 and M1-31 show the 
effect of the inefficient method of feed 
introduction into column M1. The flow of 
feed gas through the small downwardly 
directed feed inlet tube in column M1 un- 


TABLE 4 


COLUMN EFFICIENCY POR SEVERAL EXPSRIMENTAL RUBS 


Per Cent 
Column 
Bfficieney 


100 


Liquid 
Curteis Seperetion 


100 (yp-¥g) 
Mole x 


Retio Pressure 


2.518 
022896 


1.01 87 


10.18 


17.6 
17.5 


1,120 
1,llo 


is 


17.5 
iv. 


0.5 


17.7 1,006 


2,540 
629 
1,420 


Wa 
7 
4 
if 
= 
30 
10 ™ 
20 
7.2 
3 
We. 
| 
| 
j Vapor to 
| Peed Feed Column 
Run 
So. Feed Gas 2 
a 
45.9 W- 4 He-Net. Gas 0.822 2.16 980 7 
Wi-3l He-Hat. Ges 3.71 0.39 |_| |_| 
S5- 9 He-Net. Gas 3.59 1.42 61.9 1s 
$5-10 He-Net. Ges 3.55 1.43 17.7 17.9 108 
S5-1l delat. Gas 3.58 1.42 17.7 66.1 
He-Nat. Gas 7.16 +73 17.9 73.3 
SSL? He-Net. Gas 3.54 566 62.1 87 
74.0 35-23 He-Net. Ges 6.58 +63 17.9 635 59.6 88 
55-24 He-Net. Ges 3.61 29.6 60.8 104 
72.5 
72.7 
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MOLE PERCENT 
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0.5! 36 


100(Yp- Yg), MOLE PERCENT 


0.52 52 


<4 Fig. 19. Hydro- 
gen-natural gas 
separations. 
Effect of liquid 
curtain rate on de- 
gree of separation 
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TABLE 5 
EFFECT OF THE ASQTAED AND MEPTANE VAPOX 
CONSUMPTION FOX CARBON 13 PRODUCTION 


(mye) 05) 
les ‘Sec $q- Meters 


Area Sequired, Vapor Consumption, 


Moles /Sec. 


180 
162.0 
161 


SFPECT OF SWEEP VAPOR ON MOLES OF VAPOR AND AREA OF PLANT REQUIRED 
TO SBPARATE A MIXTURE OF C**H, and C*"H, IN AN IDEAL TAPERED PLANT 
DESIGNED FOR MINIMUM VAPOR CONSUMPTION 


Ratio of Moles of Vapor Required Ratio of Area Kequired Using « Given Vapor 
to Moles of Steam Required to the Area Requirea Using Steam, for the 
for Same Separation Same Separation and Same Annular Distance 


- Steam 
Meroury - - -- 
Carbon Tetrachloride 
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SWEEP VAPOR RATE, L8S./HR 


4 Fig. 20. Hydrogen-natural gas 
separations. 
Effect of vapor rate on ce of 
separation in column SS. 


doubtedly caused turbulence and channel- 
ing of the gas near the inlet point, and 
this shows up in the low value for « in 
run M1-31. At the low feed rate of run 
W1-4, the effects of turbulence and chan- 
neling were less and the column efficiency 
was found to be 72% 

The figures in Table 4, applying to ap- 
paratus 55, reveal that this apparatus con- 
formed much more closely to a theoretically 
ideal column than did column M1. Except 
for run S$5-17, wherein the vapor rate is 
about one half its values in the other runs, 
the column efficiency averaged 100% with 
a maximum deviation of 19% and an 
average deviation of 10%. In these runs 
there was a 2.4-fold variation in feed rate, 
a 1.7-fold variation in column pressure, and 
a 4.5-fold variation in liquid curtain Rey- 
nolds number. In the low vapor rate run 
(85-17) the low efficiency obtained may 
have resulted from poor vapor distribution 
caused by the condensate closing up the 
pores m the lower portions of the vapor 
entry tubes. At the higher vapor rates the 
pressure drop across the porous tubes is 
apparently adequate to ensure even vapor 
distribution 

The steam flux rate in the high efficiency 
runs was approximately at the value corre- 
sponding to mittimum energy consumption, 
as predicted by theory. In design work, the 
higher vapor rate should therefore be used, 
and under these conditions, the results of 
Table 4 indicate that the theory may be 
applied with engineering accuracy to the 
design of sweep diffusion columns havi 
mechanical features similar to those ‘of 
column S5. 


Application to Design 


The developed theory of sweep diffusion 
will be used hereinafter to predict the 
vapor consumption and the surface area 
required to perform two sample separa- 
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tions. Because of its treatment by Benedict 
(1) the separation of from is 
a convenient problem for study. The second 
separation that will be considered is the 
removal of a portion of the hydrogen from 
a hydrogen-hydrocarbon gas stream. For 
these calculations, the small effects of 
thermal diffusion and longitudinal diffusion 
have been neglected. 


Isotopic Separation of C”’H, from 

It is desired to determine the vapor and 
surface area requirements for the produc- 
tion of 100 g./day of C” at a concentration 
ot 9 atom % in 50% yield from natural 
carbon in methane containing 1.06 atom % 
The diffusible component of the 
gas is the C”H, portion, and therefore 
values of y will refer to this component. 
By material balances, yy 0.9894, yo 
0.9947, ya 0.1, D = 0.0167 g.moles sec., 
and RB 0.0000990 g.moles/sec. 


In the first calculation, exhaust steam is 
used as the sweep vapor. The plant is 
operated at one atmosphere pressure, and 
the steam enters at 221° F. and condenses 
at 95° F. 

_Equation (12) was used to calculate the 
diffusivities, wherein 

4% = 3.10 1/M, = 0.0624 

= 3.10 = 0.0587 
= 2.66 1/M. = 0.0555 
1 atm T = 343° K. 


= 0.248, Dea = 0.2833, 
Dee = 0.2788, and (Da — De) = 0.00447. 
A plot of © vs. #.No reveals a minimum 
value of 11,950 at a»No = 2.08 x 10° 
moles/(sec.)(cm.) Choosing for the mini- 
mum practical diffusional distance the value 
0.5 cm., one obtains Ny = 4.16 x 10° g. 
moles (sec.) (em.). Substituting this and 
the data presented above for product com- 
positions and rates into Equation (90) 
yields A+ = 1,390 x 10° sq.cm. The steam 
required is simply 4:No, which is 578 g. 
moles/sec., or 82,500 Ib./hr. These figures 
apply to a design based on the minimum 
vapor requirement using steam. 


fiom which Dy 


Use of Vapors Other Than Steam. lf a 
vapor is used with a higher molecular 
weight and a lower latent heat of vaporiza- 
tion, the power requirements should be less 
than when steam is used. A _ calculation 
was made using heptane as the sweep vapor. 
The condensing tempe ature was assumed 
to be 95° F., = 5S. 1/M. = 0.0100, 
T= = 343° K. P atm., Dw = 0.248, 
Dea = 0.1010, De = 0.0984. Values of A:, 
and 4+Ne are shown i in Table 5 for various 
assumed values of rNo. Selecting the value 
of No corresponding to minimum vapor 
consumption, as was done for the calcula- 
tion where steam was used as the sweep 
vapor, it is apparent that 4; is 1470 sq.m. 
as compared to 1390 for steam, a small 
increase. The vapor consumption is reduced 
from 578 g. moles/sec. of steam to 162 g 
moles/sec. of heptane. The power required 
to generate the heptane vapor at this rate 
from the liquid phase at 95° F. is equal to 
(Ah) As (11,500) (162) (3600) / (252) 

26.6 & 10° B.t.u./hr. or 7,800 kw., where 
\Vi is the enthalpy change per gram mole 
ot heptane. Using low pressure steam to 
generate the heptane vapor would require 
(26.6) (10°) /950 = 28,000 Ib./hr. of steam, 
which is considerably less than the 82,500 
Ib./hr. required when steam itself is used 
as the sweep vapor. By similar methods, 
figures were obtained for the total area and 
energy requirements for this separation if 
the sweep vapor were mercury, carbon 
tetrachloride, and perfluoro-n-heptane. In 
each case, the calculation was made at the 
value of a»No corresponding to minimum 


TABLE 7 


COMPARISON OF VARIOUS SSPARATIOW PROCESSES POR THE 
PRODUCTION OF 100 GRAMS PER DAY OF 90% PURE 15 SOR 


Separation 
Pactor, 
Process 


Units or Area 


Numer of Power Required, iw, 


or Chemicals red 


Chemical Exchange 1.013 


Thermal Diffusion 1.0027 
Centrifuge 1.0195 
Gaseous Effusion 1.043 


Diffusion 


Sweep 
(Using Septane os Vapor) 1.021 
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vapor consumption. The results of the cal- 
culation are shown in Table 6. Apparently, 
heavy vapor molecules reduce the total 
area and the moles of vapor required, pro- 
vided the size of the vapor molecule is not 
too great. The calculation for perfluoro-n- 
heptane shows that for large heavy mole- 
cules, the greater area of plant has ra 
more than overshadows the small improve- 
ment in vapor requirements. 


Characteristics of the Isotope Separation 
Plant. Selecting heptane as the sweep va- 
por, further calculations yield information 
regarding the separation factor, a, the 
height equivalent to a theoretical plate, H:, 
the total length of plant required, the num- 
ber of tubes in parallel at various points in 
the plant and similar data. 

Substituting the value 
10° g. moles/(sec.)(cm.) 
(74) yields a = 1.021. In obtaining the 
optimum 4.N.o, at which the vaper con- 
sumption is a minimum, ® was found to 
be 3,340 at (a»No)' = 0.55 x 10° g. moles/ 
(sec.)(cm.). Next, a of fr to 
1.3 X g. moles/(sec.) (cm.) is selected, 
based on laboratory experience. Equation 
(95) then yields H, 16.5 cm. The height 
of the enriching section, Z,., is calculated 
from Equation (94), substituting for y the 
value yo = 0.9947. The result is Z. = 
1,125 cm. or 37 ft. A similar calculation 
using Equation (94s) yields Z, = 10,880 
cm. or 356 ft. The total plant height is 
therefore 393 ft. This can conveniently be 
divided into 10 stripping sections, each 36 
it. long, connected together in series, and 
one enriching section of 36-ft. length. Each 
section consists of a certain number of tubes 
connected in parallel. Carbon 13-enriched 
product is withdrawn from the bottom of 
the last stripping section, and Carbon 13- 
impoverished waste is withdrawn from the 
top of the enriching section. Feed is intro- 
duced into one of the lines connecting the 
bottom of the enriching section to the top 
of the stripping section 

The width, E, at any elevation, z, is cal- 
culated from Equations (84) and (84s), 
combined respectively with (94) and (94s). 
A plot of — vs starts at zero at the 
product end of the stripper increases almost 
linearly at first and then much more rap- 
idly until a maximum value is achieved at 
the feed point, at which point the curve 
breaks sharply and reduces almost linearly 
in the enricher until it reaches zero at the 
top of the enriching section. The ideal 
tapered plant represented by this curve may 
be approximated by a “stepped” plant by 
dividing the stripper into 10 untapered 
sections of equal length, and letting the 
enricher be a simple untapered section. The 
total vapor entry surface, 4,, for the 
“stepped” plant should be somewhat 
greater than for the ideal tapered plant to 
allow for slight inefficiencies introduced by 
the fact that L does not equal 2/1. min. at 
all elevations. For the stepped Carbon 13 
plant, if the unit of construction is a column 
36 ft. long having an annular working 
space with a mean diameter of 2.2 in., ap- 
proximately 850 of such columns would be 
required for the plant, of which 275 are 
connected in parallel in the enriching sec- 
tion, 275 in the first section of the stripper 
below the feed, and the rest divided in 
decreasing number among the remaining 
nine sections of the stripper. The last sec- 
tion of the stripper requires only one of 
these columns. In the other sections, the 
columns are connected together in parallel 
im the manner of vertical-tube heat ex- 
changers. 


rN, = 0.55 
into Equation 
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Comparison with Other Methods of 
Isotope Separation. Table 7 shows the 
separation factor, plant size, and power re- 
quirements of other processes compared 
with sweep diffusion for the isotope separa- 
tion problem just given. Data for the other 
processes are taken from Benedict's ar- 
ticle (1). 

The advantage sweep diffusion has over 
thermal diffusion is almost twenty-fold in 
size and tenfold in power requirement. Be- 
cause of the considerably lower energy 
requirement of gaseous effusion, it is more 
economical than sweep diffusion for large- 
scale processes. In the example problem 
considered, however, the large number of 
separate stages and the equipment require- 
ments of the gaseous effusion process re- 
sults in an excessive first cost compared 
with sweep diffusion, and the latter is the 
preferred process. 


Removal of Hydrogen from a Hydrogen- 
Hydrocarbon Gas Mixture 


In refinery operations, it is sometimes 
desirable to recover a relatively pure hydro- 
gen stream from a hydrogen-hydrocarbon 
gas mixture. The section that follows will 
treat the problem wherein it is desired to 
remove 50% of the hydrogen in 90 mole % 
purity from 10,000,000 std. cu.ft./day of a 
hydrogen-methane mixture containing hy- 
drogen in 50 mole % purity. A material 
balance over the column yields yr = 0.500, 
yo = 0.900, ys = 0.346. Converting stan- 
dard cubic feet per day (at 1 atm. and 
32° F.) to g. moles/sec. yields F = 146.2, 
D = 40.7, and B = 105.5 g. moles/sec. As 
in the isotope separation problem, it is 
assumed that +, equals-0.5 cm. The value 
of fc is set at 3X 10% g. moles/(sec.) 
(cm.). 

Since the separation is relatively rough, 
and the rate of diffusion of hydrogen is 
much higher than that of methane, this 
separation can be performed in an un- 
tapered plant. For correct design based on 
theory, it would be proper to choose differ- 
ent values of No at several assumed values 
of E to determine what combination pro 
duces the most economical design. Several 
shortcuts can be applied, however, based on 
the theory of the tapered plant. In the 
first place, a reasonable value of E for the 
column is about 1.75 times the minimum 
value calculated at the feed point. Like- 
wise, by selecting a vapor rate which re 
sults in a minimum value for ®, the result 
ing design will be near that corresponding 
to minimum vapor consumption. This pro- 
cedure was applied to the hydrogen- 
methane problem described above. Longitud- 
inal diffusion (K4) and thermal diffusion 
(1+) were neglected. Steam was selected 
as the sweep vapor, entering at 212° F. and 
condensing at 95° F. The 0 was set 
at 1 atm., 7 341° K., Da = 1.11, De = 
0.304, and Dy» = 0.807. By trial-and-error 
calculations at various values of r.Vo, it is 
found that the minimum value for ® is 
1.74, and that it occurs at #.N. = 3 x 10° 
g. moles/(sec.)(cm.). This sets the vapor 
flow per unit area at 6X 10° g. moles/ 
(sec.) (sq.cm.). Equation (20) is used to 
calculate s for the enricher and the stripper, 
using the appropriate y in cach case 
Equations (19) and (21) are then applied 
separately to the enricher and the stripper 
to calculate po and P-po. 

It is apparent that these values will differ 
in the two sections because the hydrogen 
concentration is higher in the enricher than 
in the stripper, and as a result, the average 
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vapor composition in the enricher is less 
than in the stripper, for a larger driving 
force is required in the stripper to give the 
same vapor flow per unit area. Since it is 
desirable to perform the enriching and 
stripping operations in a single length of 
column with one continuous liquid curtain, 
a single value of L may be used in both 
sections. Equation (74) yields a = 2.73 
and Ina = 1.003. Replacing the coefficient 
2 by 1.75 in Equation (87) permits evalua- 
tion of V in the stripper, yielding V = 
113.2 g. moles/sec. Adding this to B yields 
218.7, the value of L for the stripper. This 
value is satisfactory as an approximation 
for the enricher also. The respective values 
for Hs in the enricher and stripper are 
calculated from Equation (32) and its ana- 
logue for the stripper; E is calculated by 
dividing L by fx; the values for A. are 
obtained from Equation (33) and its ana- 
logue for the stripper; » is calculated from 
(59) and (59s); and finally Z, is obtained 
from Equations (61) and (62), and Z, 
from (63s). The results are: E = 730,000 
cm., Z. = 15.6 cm, Z, = 46 cm. Z: = 
20.2 cm., and A; = Z:E = 1,480 sq.m. or 
15,900 sq.ft. lf each tube has a separating 
zone with an average diameter of 2.2 in., 
41,500 tubes, each having a vapor entry sur- 
face 8 in. long, would be required. The 
steam requirements would be A;:No = 886 
g. moles/sec., or 127,000 Ib./hr. of exhaust 
steam. Because of the short stripping sec- 
tion, feed could be introduced at the bottom 
of this unit for the sake of mechanical 
simplicity, adding some extra length to 
allow for the mixing inefficiency that re- 
sults. The separation plant could conven 
iently consist of 21 identical units operating 
in parallel, each unit containing approxi- 
mately 2,000 tubes connected together in a 
tube bundle. 

The squatness of this plant is a limita- 
tion imposed by the liquid curtain rate 
above which exploratory experiments have 
indicated that gas eddy frequency becomes 
appreciable. To increase the product rate 
per tube, at a given composition, the tube 
must be lengthened and the gas reflux rate 
must be increased. This latter requirement 
cannot be satisfied by simply increasing the 
liquid curtain rate because of the poor 
separating efficiency caused by gas eddies 
and, at high rates, because of general gas 
turbulence. However, at a constant liquid 
curtain rate, doubling the operating pres- 
sure approximately doubles the mass down- 
flow rate of gas per unit width of separat- 
ing space. The developed theory shows that 
as pressure is increased, the product rate 
per tube and the required tube length are 
increased almost proportionately while the 
area and vapor requirements remain about 
the same. A limitation on the pressure ex- 
ists at the value where the Reynolds num- 
ber of the gas exceeds its critical value and 
general turbulence results 

In the hydrogen-hydrocarbon gas separa 
tion just discussed, operation at 10 atm. 
(provided gas turbulence does not occur) 
would require 1,360 sq.m. or 17,600 sq.ft 
of area, 140,000 Ib./hr. of steam, and 4,440 
tubes of 2.2-in. average diameter and 


6.9-ft. length. 


Conclusions 


The sweep diffusion process is a con- 
tinuous, differential column-type gas 
separation process that is capable of 
separating in the gaseous phase the com- 
ponents of a gas mixture to as high a 
purity as is desired. Experimental data 
obtained on laboratory sweep diffusion 
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columns of several designs demonstrate 
the efficacy of the process for separating 
gas mixtures, and for removing sus- 
pended solid or liquid particles from a 
gas stream. The developed theory of 
the process is useful in (1) analysis of 
data obtained on laboratory columns to 
locate sources of inefficiencies, and (2) 
design of large-scale sweep diffusion 
plants. 

Because the sweep diffusion process 
is thermodynamically irreversible, it is 
characterized by a relatively large en- 
ergy requirement, and its commercializa- 
tion is therefore probably limited to gas 
separations that cannot easily be per- 
formed by the more standard processes 
of distillation, absorption, and adsorp- 
tion. On the other hand, for gas mix- 
tures which contain components having 
low liquefaction temperatures (such as 
hydrogen), or for which the separation 
factor for distillation or absorption is 
poor (such as isotope separation), or 
wherein a great number of discrete 
separations would ordinarily be per- 
formed (such as in the purification of 
synthesis gas from pulverized coal), 
is likely that the sweep diffusion process 
will be economically attractive. Com- 
mercial sweep diffusion plants, compared 
with liquefaction-rectification plants, 
would be characterized by a low first 
cost and a high requirement of low 
quality energy such as exhaust steam. 


Notation 


Notation for this article was run with 
Part Il, February issue. 
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PRODUCTION OF ETHYLENE BY 
AUTOTHERMIC CRACKING 


R. M. DEANESLY and C. H. WATKINS 


Universal Oil Products Company, Riverside, Illinois 


Autothermic cracking is the name given to processes in which the endo- 
thermic heat of cracking is offset by introducing air or oxygen with the 
feed so that the over-all reaction is self-sustaining. 


Consideration of the balance between the heat requirements of cracking 
and those liberated in combustion reactions leads to definition of the 
thermochemical efficiency of the practical process as the ratio: 

heat absorbed by cracking reactions 

heat evolved by combustion reactions ° 
By the proper design and use of heat exchange between product and 
feeds to the reactor this efficiency is raised and dilution of cracked 
products with nitrogen and carbon oxides is minimized. 


From pilot plant studies of the process, yields and product distribution 
obtained when varying ratios of air to hydrocarbon are employed, are 
presented and discussed for processing propane or ethane to make 
ethylene. 


Consideration is given to full-scale design based on this work; the proc- 
ess is operable at higher conversions and less recycle than tubular 
pyrolysis. Yields from ethane range from 75 to 85% in the practical 
operating range; dilute feeds containing as much as 50% methane can 
be used satisfactorily. A given plant can operate efficiently over a wide 
range of feed composition and operating conditions, but the particular 


choice of conditions will be governed chiefly by local factors. 


HE broad idea of autothermic 

cracking in one form or other is not 
new, but reconsideration and redevelop- 
ment of it starting from first principles 
has led to processes which are different 
from former applications of the concept. 
Some of its practical advantages and 
disadvantages are obvious. The heat is 
generated in situ so that high temper- 
utures and pressures can be reached in 
simple insulated reactors without having 
to transfer heat through the reactor wall. 
And by the use of higher temperatures, 
shorter residence time and smaller reac- 
tors are possible. On the other hand, 
unless pure oxygen is used, the products 
of reaction are diluted with nitrogen. 
The dilution with gaseous products of 
combustion is of less significance but 
cannot be ignored. 

From the scientific rather than the 
technologic viewpoint, the autothermic 
technique can be looked on as inverted 
combustion and the results are of inter- 
est in extending the knowledge of com- 
bustion where the fuel instead of air is 
in large excess. 
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It is obvious that there is a wide range 
of autothermic processes both catalytic 
and noncatalytic, such as the cracking 
of heavy liquid fuels to make gasoline 
or other distillates, for gas making, the 
production of acetylene and so forth. 
This paper is concerned only with the 
application of the autothermic process 
to ethylene production. 

Production of ethylene from ethane 
and oxygen was carried out in Germany 
during the last war (17). The German 
process was carried out at about 0.5 atm. 
abs., and for this reason coupled with 
the use of oxygen, did not appear very 
attractive. Early in this experimental 
work it was found, however, that there 
did not seem to be any real need for such 
low pressures, and that with appropriate 
attention to heat exchange and thermal 
economy the justification for using oxy- 
gen rather than air receded. 

As is known from conventional tubu- 
lar thermal cracking processes a wide 
range of hydrocarbon stocks can be 
cracked to give substantial yields of 
ethylene; in general the lower the 


Chemical Engineering Progress 


molecular weight of the feed stock the 
higher the yield possible, but also the 
severer the conditions required of time 
and temperature, particularly the latter. 
Thus with propane, when for example, 
50% conversion is obtained by heating 
for about one-half second at 1400-1425° 
F., there is obtained 0.57 moles of 
ethylene, 0.15 moles of ethane, and 0.30 
moles of propylene/mole of propane 
reacted (2). With ethane more severe 
conditions are required for the same con- 
version yielding 0.88 moles of ethylene / 
mole of ethane reacted. Ultimate yields 
of course depend on conversion level and 
the extent of recycle. In general, how- 
ever, both from the standpoint of yield 
and raw material cost, ethane is the best 
feed stock, but its use in externally 
heated reactors requires an ethane feed 
relatively free of methane and operation 
at high recycle ratio in a furnace of the 
best alloy steels operating near the limit 
of their strength; so that both capital 
and maintenance costs for the operation 
are high. Consequently, at the present 
time the greater part of the ethylene pro- 
duction of this country derives from the 
cracking of propane or heavier stocks. 

By employing autothermic rather than 
tubular cracking it becomes practical to 
reach higher temperatures whereby the 
ethane in stabilizer gases containing 
50% of methane can be cracked to the 
extent of 90% in a single pass. 

Ethylene production by autothermic 
cracking from propane, from ethane. 
and from mixed stabilizer gases contain- 
ing these hydrocarbons has been system- 
atically studied ; heavier feed stocks have 
also been examined. 


Fundamentals 


Thermochemical E ficiency. The ideal 
process illustrated in Figure 1 is sche- 
matically one in which hydrocarbon and 
air (or oxygen) pass through heat ex- 
changers preheated by product gas, 
reach reaction temperature, are mixed, 
allowed to react, leave the reactor at 
their entering temperature, and then pass 
back through the heat exchangers; the 
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whole system being insulated to prevent 
any heat loss. 

In such an ideal system the heat evolved 
by the exothermic reactions of combus- 
tion will just equal the heat absorbed by 
the endothermic reactions of cracking. 

Thus the thermochemical efficiency of 
the process can be defined as 100% in 
the ideal case of over-all thermally bal- 
anced reactions ; and in any actual prac- 
tical operation : 


thermochemical efficiency = 


heat absorbed by cracking reactions 
heat evolved by combustion reactions 


However for rigorous quantitative use 
this definition requires that the temper- 
ature at which these heats of reaction 
are calculated should be defined, since 
their ratio varies slightly with temper- 
ature. Thus considering the ideal case 
defined now as one in which the feed 
gases are preheated to the identical tem- 
perature T° of the gases leaving the 
reactor, in which a thermally balanced 
reaction takes place under adiabatic con- 
ditions at constant pressure, the total 
heat content of the product gases at T° 
will be slightly greater than that of the 
entering gases. Since that increment of 
heat in the product gases can never be 
recovered even by ideally perfect ex- 
changers, it is necessary to define the 
limiting ideal case by the ratio of the 
heats of cracking and combustion at T°, 
not the ratio computed from heats of 
reaction at the temperature of the cold 
end of the exchangers. 

In the practical case besides a heat 
loss by radiation and convection to the 
outside, which is minor in large equip- 
ment, there is inevitably a substantial 
temperature difference across heat ex- 
changers of economic design, thus the 
product gas leaves at a higher temper- 
ature than the entering feed streams. 
The consequent enthalpy loss in the 
warmer product gas and the minor heat 
loss by radiation are balanced by an 
additional consumption of air and com- 
bustion of hydrocarbon above the ideal 
minimum required for the given extent 
of cracking. 

Thus looking at the process from the 
economic point of view, lowered thermo- 
chemical efficiency results in: (1) 
greater dilution of products with nitro- 
gen; or if pure oxygen is used, in- 
creased amounts of oxygen consumed 
and (2) reduced ultimate yield of 
cracked products, because more of the 
feed hydrocarbon has been burnt as a 
fuel. 

Thus the thermochemical efficiency 
defined ig this way is a primary criter- 
ion by which to evaluate the merits of 
any such operation. 


Reaction Temperature. It follows 
from the nature of the system that one 
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Fig. 1. Schematic flow diagram of autothermic process. 


has not independent control of reaction 
temperature; any given ratio of feeds 
will on mixing rise to whatever temper- 
ature is necessary for the cracking re- 
actions to catch up with and balance the 
heat evolution of the combustion reac- 
tions. Thereafter, the temperature will 
decline until endothermic cracking reac- 
tions have practically ceased owing to 
the decrease in temperature or to ex- 
haustion of reactants; and in a given 
system of recuperative heat exchangers 
this final temperature will in turn deter- 
mine the preheat temperature. Thus the 
whole temperature profile of the system 
will be adjusted downward by reducing 
the air-to-hydrocarbon ratio and so 
simultaneously the conversion ; but for a 
given conversion the temperature profile 
in the reactor itself will not change ap- 
preciably by adding or removing heat- 


exchange surface. If it is desired to 
change temperatures independently, it 
can however be done by injecting a third 
component, for example steam. 

Typical temperature profiles when 
reacting propane and air are shown in 
Figure 2. 


Chemistry. The molar ratio of oxygen 
to hydrocarbon required to produce sub- 
stantial reaction covers the range from 
0.1 to 0.5. The over-all reaction may 
therefore be considered as inverted com- 
bustion, that is the combustion of air in 
a large excess of fuel. Any reaction 
product can be schematically broken 
down into (a) cracked and unreacted 
products, whose over-all carbon-to-hy- 
drogen ratio is that of the hydrocarbon 
feed, and (b) combustion products com- 
prising carbon monoxide, carbon diox 
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Fig. 3. Autothermic cracking of ethane. 
Oxygen distribution among combustion components. 


ide, water, and any excess (or de- 
ficiency) of hydrogen required to make 
the carbon-to-hydrogen ratio of this 
group also equal to that in the feed. 
There are also small amounts of alde- 
hydes and organic acids, but these may 
be for the moment ignored. When such 
a breakdown is made it is found that 
the cracked products do not differ mater- 
ially in distribution from what might be 
expected from externally heated thermal 
cracking under the same conditions of 
partial pressure, temperature, and resi- 
dence time, if such conditions were 
practically obtainable; the combustion 


products, however, show interesting and 
somewhat unexpected trends. 

Figures 3 and 4 illustrate the relative 
quantities of these combustion products 
plotted against the oxygen-to-hydrocar- 
bon ratio of the feed. These relate to 
experiments with ethane and air. Data 
from propane and air show a similar 
trend as indicated in Figures 5 and 6. 
Up to pressures of 30 Ib./sq.in. gage 
there is no measurable change, but the 
ratios are markedly altered in the direc- 
tion to be expected by the presence of 
iron or nickel in the reaction zone, which 
suppresses water and carbon dioxide 


formation or catalyzes their reaction 
with hydrocarbon to carbon dioxide and 
hydrogen. These curves correlate all the 
data in several modifications and size 
of apparatus in which conditions have 
been such that no unreacted oxygen re- 
mains. Within the lesser accuracy of 
experiments using pure oxygen in place 
of air, results with oxygen fit the same 
correlation. 

Figure 4 shows the same data as 
Figure 3 but with the ordinate scale 
expressed in terms of moles of combus- 
tion products. This shows that at the 
low ratios of oxygen to hydrocarbon the 
water formed is in excess of that cor- 
responding to combustion of C,Hg,. This 
is noteworthy and from the point of view 
of ethylene production, favorable. It 
means that a substantial part of the 
ethylene has been formed from ethane 
without waste of feed hydrocarbon, by 
the ideal thermally balanced reaction. 


C,H, + 0.5 O. = C,H, + H,O 
— 24.97 kg. cal. (1200° K. 


0.724 CoH, = 0.724 C,H, + 0.724H, 
+ 24.97 kg. cal. (1200° K. 


That is, the ideal yield theoretically at- 
tainable would be 3.448 moles of ethylene 
per mole of oxygen. 

The oxygen distribution from pro- 
pane is not quite as favorable. 


Operating Conditions 

Temperature. In accordance with the 
foregoing picture of the fundamentals, 
the process temperature does not enter 
in as a controlled variable. If the mean 
preheat temperature of the mixed gases 
falls below about 1050° F. the reaction 
will not start. This sets a minimum. 
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Fig. 5. Autothermic cracking of propane. 
Oxygen distribution among combustion components. 
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Moles of various combustion components formed 
per mole of ethane burned. 
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Fig. 6. Autothermic cracking of propane. 
Moles of various combustion components formed 
per mole of ethane burned. 


Within the range of experiments this 
practical threshold temperature is in- 
dependent of mixture composition, and 
would seem to be that at which the com- 
bustion reactions proceed sufficiently 
fast to be effectively self-accelerating, 
and so to raise the whole mixture into 
the cracking region of temperature. In 
practice for stable operation a reactor 
profile which averages about 200° F. 
above this is the lowest encountered ; and 
this corresponds to less than 30% con- 
version and is therefore of slight in- 
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Fig. 7. Autothermic cracking of ethane. — 
Effect of reactor pressure on ultimate ethylene yields 
at 80% thermochemical efficiency— 


Ultimate yields on basis of ethane disappearance. 


terest. As air-to-hydrocarbon ratio is 
increased the temperature profile rises as 
illustrated in Figure 2. 


Pressure. The influence of pressure on 
the reaction is specific but not in any 
way critical, so that the choice is purely 
economic. With ethane there is more 
methane relative to ethylene in the prod- 
uct made at higher pressure and with 
propane more ethane relative to ethylene. 
Changes in other components are minor. 
Both these may be explained in the same 
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Fig. 9. Autothermic cracki 
Products produced at about 
efficiency (continued in Fig. 10). 


way. The product gases are close to 
the ethane-ethylene-hydrogen equili- 
brium for the ‘temperature-pressure con- 
ditions prevailing at the reactor exit. 
Pressure shifts this in the direction of 
ethane, while having no influence on the 
rate of methane formation. With 
ethane the magnitude of the effect re- 
duces ethylene yield at 70% conversion 
about 5% on going from 1 to 3 atm. 
The change from the German condition 
of half an atmosphere to 1 atm. is less 
than analytical error, Pressures above 3 
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efficiency (see also Fig. 9). 


atm. extend these trends and are of 
doubtful practical interest. The trend of 
this pressure effect with ethane is illus- 
trated in Figure 7. 


Throughput. At the temperatures 
reached, the reactions are fast and sub- 
stantially complete in a few hundredths 
of a second residence time. Thus the 
reactor itself is small and compact. Up 
to fivefold longer residence makes 
negligible difference. 


Air-to-Hydrocarbon Ratio. Other things 
being equal this primary variable con- 


CHs 


80 90 100 » 40 


f propane. 


trols temperature, conversion, and prod- 
uct distribution. Figure 8 illustrates the 
typical range of values. 


Thermochemical E ficiency. The excess 
enthalpy of the cooled product gas over 
the feed streams corresponding to the 
temperature difference at the cold end 
of the exchangers can in practice be re- 
duced to less than 20% of the heat gen- 
erated by the combustion reactions. 
Radiation and convection losses on the 
pilot plant scale have also been about 
20%, varying however with throughput; 
on the full scale these can be expected 


TABLE 1.—REPRESENTATIVE ANALYSES OF AUTOTHERMIC PRODUCT GAS 


0 Ib./sq.in, reactor pressure 


Feed Ethene 


Thermochemical efficiency 
Conversion 


1(100—% unreacted CoHe or Cais). 
* Excluding H20. 
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Fig. 11. Autothermic cracking of ethane. 
Products produced at about 60% thermochemical 
iency (continued in Fig. 12). 


to be less than 39%. Thus full-scale de- 
sign of close to 80% thermochemical 
efficiency is entirely practical. In any 
given plant the thermochemical effi- 
ciency is likely to be changed little by 
other operating conditions the 
contributing factors oppose one another. 
In particular the somewhat less complete 
heat exchange at higher throughput is 
offset by the reduction in radiation 
losses when expressed as percentage of 
the heat of combustion generated. 


since 


Product Distribution 


Main Components. Variation of product 
gas composition with feed ratio for the 
autothermic cracking of propane and air 
and for ethane and air at 1 atm. is 
shown in Figures 9-12. These curves 
are drawn through the experimental 
points for a large number of runs in 
a pilot plant reactor having a thermo- 
chemical efficiency varying with condi- 
tions between 50 and 60°%. Composition 
of the cracked portion of the gases is 
not changed if the thermochemical effi- 
ciency is varied by increase of heat- 
exchange surface or better insulation 
of the system. The quantity of com- 
bustion gases is reduced proportionately 
by raising thermochemical efficiency, 
and their composition is changed 
slightly in the direction of decreased 
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amounts of hydrogen. Table 1 shows 
representative gas analyses of product 
gases. 


Trace Components. The crude product 
gas contained minor amounts of formal- 
dehyde and acetaldehyde and _ lesser 
amounts of organic acids. The total of 
these compounds does not amount to 
more than 0.1-0.2% of the hydrocarbon 
feed (carbon basis), so that they con- 
stitute a minor nuisance rather than a 
by-product. 
It is noticeable that: 


1. Aldehydes increase with decreased 
conversion of hydrocarbon, or de- 
creased reaction temperature. 

Acids are about 1/7 of the molar 
quantity of the aldehydes. 

‘here is no pronounced effect of 
pressure on their yield. 
With ethane about half the aldehydés 
is formaldehyde. 


MOLS/I0OMOLS ETHANE FED 
> 


The formaldehyde and the acids con- 
dense out almost completely with the 
water of reaction forming a condensate 
containing 0.5-1.5% aldehydes which is 
about 0.5 N acidic. A little soda solution 
injection at this point neutralizes the 
acidity. The remaining aldehydes, 
nearly all acetaldehyde about 600 p.p.m. 


60 70 60 90 
in the cooled gas, can be removed almost ETHANE CONVERSION (GROSS) 


completely by water-scrubbing after 12. Autett off 
compression. Products at about 60% efficiency 
(see also Fig. 11). 


Acetylene. Acetylene is negligible at 
hydrocarbon conversion levels below 
50% /pass. At higher conversions it in- shows ultimate yields on the cracked part of the feed. All other yield curves 
soneiion from around 1% of the pote wal portion only—subtracting the burned in this article are on the basis of cracked 
at 75% conversion to 4-6% at 95% con portion of the ethane. This curve is plus burnt. Curve C shows calculated 
version depending on the feed. It can added as a matter of interest to show yields anticipated in a commercial plant 


be converted to ethylene by passing the how much yield is lost due to burning operating at 80% thermochemical efh 


product gas over a selective hydrogenat- 
ing catalyst. This purification step also 
converts butadiene to butylenes. There 
is no appreciable loss of ethylene. 


Ethylene Yield. Ethylene yields can be 
summarized in several ways: (1) on the 
basis of gross hydrocarbon conversion, 
cracked plus burnt, (2) on the basis of 
moles per mole of oxygen used, and (3) 
on the basis of hydrocarbon cracked 
after deduction of that consumed by 
combustion reactions. 

And for each of these bases different 
assumptions can be made as to losses in 
the recovery and recycling system and 
nature of components recycled, as well 
as in regard to thermochemical efficiency 
and pressure of the plant. To illustrate ,—A- YIELDS BASIS ETHANE CRACKED 
trends the curves of Figures 13, 14, and © OS of or PLANT YIELDS 
15 show the ultimate ethylene yields, C-CALCYLATED ORALL YIELDS 
assuming no loss in the recovery and 60% TH CH EFF 
converted to ethylene, but only the com- ~78% TH on EFF. 
ponents stated being recycled. ONLY ~ACE TYLENE CONSIDERED 

Figure 13 contains four different yield 60 70 BO 90 700 


curves from ethane cracking. Curve B ETHANE CONVERSION , 4, 


shows ultimate ethylene yields obtained 


in the pilot plant operating at about 60% Fig. 13. Autott of 
thermochemical efficiency. Curve A Ultimate ethylene 
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GROSS PROPANE CONVERSION PER PASS,% 
Fig. 14. Autothermic cracking of 
propane. 
Ultimate olefin yields at 75% 
thermochemical efficiency. Re- 
cycling propane only—acetylene 
considered as ethylene. 


ciency. The increased yield shown by 
curve C over curve B indicates the im- 
provement effected by increasing the 
thermochemical efficiency from 60% to 
80%. Curve D shows that further im- 
provement in ethylene yield can be ob- 
tained by using a dilute ethane feed con- 
taining 37% methane. This substantial 
gain in yield is due, primarily, to the 
methane supplying some of the heat by 
combustion, Thus, provided the product 
gas compressors and recovery system 
are sized appropriately, it is advantag- 
eous to feed stabilizer overhead gas con- 
taining 20 to 40% of methane, rather 
than feeding to the autothermic reactor 
exclusively pure ethane or the bottoms 
of the ethylene separation column. 

Figure 14 compares autothermic 
yields of ethylene and propylene from 
propane with thermal yields reported by 
Schutt (2). The higher ethylene yields 
obtained in autothermic cracking at pro- 
ane conversions above 50% are due pri- 
iarily to the lower production of ethane 
y the autothermic technique. The 
igher ethylene and lower propylene 
yields are the result of the different 
pressure-temperature conditions and 
the time-temperature relationship ef- 
fected by them. But the effect of pro- 
pylene and ethane recycle in either case 
can alter product distribution so that 
this set of curves does not constitute a 
complete comparison of the two proc- 
esses. It is noteworthy, however, that 
both ethylene and total olefin yields of 
the autothermic process exceed those 
reported for tubular cracking at higher 
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conversion levels where plant costs are 
lower due to smaller amount of recycle. 


Full-Scale Process 


Ethylene Recovery System. The auto- 
thermic process for ethylene is adaptable 
to more than one type of recovery sys- 
tem. Plants have been designed using 
a hypersorber to separate a C, fraction, 
followed by a moderately low temper- 
ature column at 250 Ib./sq.in. gage to 
separate the ethylene from recycle 
ethane. Another has been planned to 
operate in conjunction with a conven- 
tional oil-absorption system. 


Air or Oxygen. Experiments with oxy- 
gen have shown that the general behav- 
ior and yields are not materially differ- 
ent from those with air. Virtually the 
same product gas analyses omitting the 
nitrogen prevail. Therefore justification 
for the use of oxygen in place of air 
rests almost entirely on any saving it 
effects in the recovery system. It may 
be seen from the analyses that it raises 
ethylene concentration by about a third, 
eliminating about 30% of nitrogen from 
the product gas. On a large plant it is 
an even break whether oxygen 
should be used. But its economic use 
recedes as thermochemical efficiency is 
raised. So far we have moved away 
from rather than towards the use of 
oxygen. 


Conversion Level. It will be evident 
from the trends of product distribution 
and yield, that the choice of design con- 
ditions must be made in relation to each 
situation, and its available feeds and 
requirements. On the other hand, any 
given plant can be operated efficiently 
over a wide range of feed stock, con- 
version and throughput within the in- 
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Fig. 15. Autothermic cracking of ethane and of 
lefins yields on basis of oxygen cons: 
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opane. 


stalled compressor capacity for air and 
product gas. The most concise summary 
therefore of the trends of plant capacity 
with operating conditions is implicit in 
the data of Figure 15 showing yields of 
olefin per unit of oxygen. 


Conclusion 


Apart from the simplicity and flexi- 
bility of the autothermic process in gen- 
eral it reveals certain inherent advan- 
tages over tubular cracking: 


1. High ethane conversions (up to 

96% per pass) are obtainable, in 
contrast to practical limitations of 
50 to 60% in tubular reactors. 
Dilute feeds containing as little as 
50% of ethane may be cracked 
satisfactorily. 
When cracking propane, butane, 
or heavier stocks, the C, cut con- 
tains 92 to 94% ethylene compared 
with 75 to 80% when using 
tubular furnaces. 
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TEMPERATURE GRADIENTS IN 


GAS STREAMS 


FLOWING THROUGH FIXED GRANULAR BEDS 


C. A. COBERLY tf and W. R. MARSHALL, JR. 


University of Wisconsin, Madison, Wisconsin 


An experimental investigation was made of temperature gradients in 
air streams being heated while flowing through a cylinder packed with 
granular solids. From the measured temperature gradients, point values 
of the so-called effective thermal conductivity, &,, were determined at 
various bed depths and radial positions for a range of mass velocities 
from 175 to 1215 lb./(hr.)(sq.ft.) and for three different particle sizes. 
Results indicate that in the range of variables studied &, is a linear 
function of the mass velocity and the particle size of the packing. A 
correlation was obtained for &, as follows: 

k, = 0.18 + 0.00098G \/a,/ ti» (1) 


where 


k, = effective thermal conductivity under flow conditions, B.t.u./ 
(hr.) (sq.ft.) (° F./ft.). 

G = mass velocity based on the open tube, Ib./(hr.)(sq.ft.). 

a, = surface area of particle of packing, sq. ft. 

um = arithmetic average of inlet and outlet gas viscosities, lb./ 


(hr.) (ft.). 


Experimental data showed that the resistance to heat transfer in the 
gas film at the inside of the tube wall is not negligible. A mathematical 
analysis of the longitudinal temperature gradients enabled values of h,, 
the film coefficient of the gas adjacent to the inside of the tube wall, to 
be determined from the relationship 


= 


R Jon.) (2) 


where 


R 
JoQu) 
Ay = 


B.t.u./ (hr.) (sq.ft.)(°F.) 

tube radius, ft. 

Bessel function of first order. 

Bessel function of zero order. 

first characteristic value determined from the slope of the 
axial gas temperature gradient in the packed tube. 


A preliminary correlation was obtained for /,. as follows: 
h, = 2.95G°* (3) 


Measurements of the velocity distribution of air flowing through packed 
tubes appeared to justify the assumption that rod-like gas flow occurs. 


HIS paper will report the results of 

an experimental investigation of the 
temperature gradients in gas streams 
flowing through granular beds. Results 
are expressed in terms of the effective 
thermal conductivity of a granular bed 
through which gas is flowing and are 


+ Present address: Mallinckrodt Chem- 
ical Works, St. Louis, Mo. 
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correlated as a function of packing size 
and air velocity. A method is also pre- 
sented for estimating the heat-transfer 
coefficient of the gas film at the inside 
wall of a packed tube. Both these quan- 
tities were calculated from measure- 
ments of the radial and longitudinal 
temperature gradients occurring in a 
packed tube when it was operated as a 
heat exchanger. 
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The occurrence of temperature grad- 
ients in beds of fixed granular solids is 
a problem frequently encountered in 
engineering operations. The 
magnitude of these gradients and the 
factors influencing them should be 
known for the rational design and 
operation of reactors and heat exchang- 
ers of this type. The temperature grad- 
ients that arise when heating or cooling 
occurs in fixed-bed catalytic reactors 
are of particular interest. In the oper- 
ation of such reactors, it is desirable 
practice to control the temperature 
within narrow limits to improve the 
selectivity of the reaction. One impor 


chemical 


tant method of effecting this control is 
by lateral heat transfer through the 
catalyst bed to a suitable heat exchanger. 
Hougen and Watson (9) describe four 
different types of bed arrangement for 
temperature control by lateral heat 
It should be noted that the 
problem of radial temperature gradients 
in packed tubes is difficult only when 
such gradients are established by heat- 
ing or cooling, and not for adiabatic or 
isothermal reactors. 

The rate of lateral heat transfer de- 
pends upon two factors: (1) the so- 
called effective thermal conductivity of 
the system, and (2) the heat-transfer 
coefficient of the gas film at the inside 
wall of the heat exchanger. Values of 
the effective thermal conductivity and 
of the heat-transfer coefficient of the 
gas film at the inside wall of the tube 
are therefore of fundamental impor- 
tance in calculating temperature grad- 
ients. Smith and co-workers (7, 8) have 
reported a correlation of effective ther- 
mal conductivities for small particles. 
Their measurements were made in a 
2-in. tube packed with %-in. x \%-in. 
cylindrical alumina pellets. Nothing has 
been reported on the magnitude of and 
the factors influencing the heat-transfer 
coefficient of the fluid film at the wall 
of the heat exchanger in contact with 
the granular solid. 
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Previous Work 


Numerous investigations on the prob- 
lem of heat transfer and turbulence in 
beds of solids have been reported. 
Damkohler (3-5) developed differential 
equations for the temperature gradients 
in fixed bed reactors, and presented ana- 
lytical solutions to the problem of de- 
termining temperature gradients for 
certain restricted cases. 

Wilhelm, Johnson, and Acton (19) 
presented an analytical method for cal- 
culating radial and axial temperature 
gradients in a fixed-bed catalytic reac- 
tor under limited simplifying assump- 
tions. Grossman (7) developed a com- 
plicated graphical solution to the prob- 
lem using equations of finite differences. 
Wilhelm, Johnson, Wynkoop, and Col- 
lier (20) devised an electrical network 
calculator for calculating temperature 
gradients. 

Regardless of the method used in cal- 
culating temperature gradients in cata- 
lytic reactors and heat exchangers 
packed with granular solids, certain 
fundamental data are required. These 
data include : 


Reaction rate data and thermodynamic 
properties of reacting system. 

The coefficient of heat transfer be- 
tween the catalyst particles and the 
gas stream. 

Effective thermal conductivity of the 
gas-solid system. 

The heat-transfer coefficient of the 
gas film at the reactor tube or heat- 
exchanger wall in contact with the 
granular solid. 


The thermodynamic and kinetic data 
must be determined from experimental 
studies of the particular reacting system. 
The heat-transfer coefficient between the 
catalyst particles and the gas stream can 
be determined from the correlations of 
Gamson, Thodos, and Hougen, and 
Wilke and Hougen (6, 18). 

The thermal conductivity of granular 
materials without air flow has been 
studied by many investigators. In a re- 
view article Waddems (17) described 
the work of early investigators. More 
recently Schumann and Voss (16) pre- 
sented a correlation of the thermal con- 
ductivity in static granular systems, and 
Wilhelm, et al. (20) extended the corre- 
lation to account for radiation. All this 
work, however, concerned static sys- 
tems in which no gas flow occurred, and 
hence the correlations are not applic- 
able to fixed granular beds under flow 
conditions. 

Data on the effective thermal conduc- 
tivity, &,, for systems of gases flowing 
through granular solids are meager. 
Hall and Smith (&) reported an isolated 
value of k, for \%-in. X \%-in. cylindri- 
cal alumina catalyst pellets in a 2-in. 
tube with an air mass velocity of 350 
Ib./(hr.) (sq.ft.) of open tube cross 
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section. Hougen and Piret (10) re- 
ported a correlation of an over-all k, 
based on studies of heat transfer to a 
gas flowing through a fixed granular 
bed. 

Bunnell et al (1) reported values of 
k, determined from measured temper- 
ature gradients. Values of k, were cor- 
related as a function of mass velocity 
for a single particle size and a rather 
limited velocity range. They did not re- 
port values of a film coefficient at the 
wall. 

Over-all heat-transfer coefficients for 
packed heat exchangers have been re- 
ported by Colburn (2) and more re- 
cently by Leva and co-workers (1/, 12). 
These coefficients are over-all coeffi- 
cients based on mixed-mean tempera- 
ture differences in the heat exchanger 
and give no basis for estimating radial 
temperature gradients. In calculating 
the radial temperature gradients in re- 
actors, it is necessary to know the effec- 
tive thermal conductivity of the system 
as well as the film coefficient of heat 
transfer of the fluid film at the wall 
rather than equivalent over-all coeffi- 
cients. No values of the actual heat- 
transfer coefficient of the gas film at the 
wall in packed tubes have been reported. 


Theoretical Development 


Differential equations formulating the 
temperature gradients in catalytic re- 
actors of simple geometric shape have 
been developed by numerous authors 
(3, 7, 9, 20). For a cylindrical reactor 
the partial differential equation for the 
gas temperature at any radial and longi- 
tudinal position and for the case of no 
circumferential variation may be writ- 


ten as follows: 
oz 
k, ot 1 ot 
(1) 


axial distance along the reactor 
= radial distance 
gas temperature 
rate of heat release/unit vol- 
ume of reactor 
= mass velocity of gas through 
reactor 
specific heat of gas 
effective thermal conductivity 
of gas-solid system under 
flow conditions 


) 
© 


oz? 


In most cases, the heat transferred 
axially by conduction is small compared 
to that carried by the mass flow of the 
gas. This permits Equation (1) to be 
simplified by neglecting (d*t/d=*). 
Where no heat is released or absorbed 
by reaction or otherwise, i.e., the case 
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of a packed heat exchanger, the heat 
release term Q, becomes zero. Under 
these restrictions Equation (1) can be 
solved for k, to give 


we 


ke ot (*)] 
= + 
Ox- *\ or 


Equation (2) was used to calculate 
values of k, from experimentally deter- 
mined temperature gradients. 

Equation (2) can be integrated under 
suitable boundary conditions to give an 
equation expressing the temperature in 
the granular bed as a function of axial 
and radial position. One set of boundary 
conditions for the solution of Equation 
(2) can be expressed mathematically as 
follows: 


(2) 


At the entrance to the bed: 
1. At s = 0, t= 4, for all values of 
x. This assumes a uniform inlet 
temperature. 


At axis of cylinder: 
At +=0, (dt/dx) = 0 
values of z. 


for all 


At inside surface of the cylinder: 


ot 
3. At x = R, 


hy (tye — tr) 
where : 


R = inside radius of cylinder or tube 
= temperature of cylinder wall 
= gas temperature at + = R 
= film heat-transfer coefficient at 

inside surface of cylinder, 
adjacent to packing 
= effective thermal conductivity 
under flow conditions 
uniform entrance temperature 
of gas 


Equation (2) can be integrated for 
the above boundary conditions by meth- 
ods outlined by Marshall and Pigford 
(14) to give Equation (3). (It should 
be noted that the integration of Eq. (2) 
assumes that G, mass velocity, is uni- 
form across the tube; i.e., rod-like flow 
occurs.) 

Ay Am)? + OW) 
1 

(3) 


where 
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= 
Re 
3 
4 
1 
4 
a 4 G 
k, 
a4 
€= x/R 
k 


J, = Bessel function of zero order 
and first kind 


J, = Bessel function of first order 
and first kind 


The terms A, are usually designated as 
characteristic numbers or eigen-values 
and for the above boundary conditions 
are defined by the relationship 


Values of A, can be determined by a 
trial-and-error solution of Equation (4) 
or from the intersections on a plot of 
Am =y, and J,(A,)/J,;(,) = ¥, as 
shown in Figure 1. 

For values of Bz greater than 0.2, the 
series in Equation (3) converges so 
rapidly that only the first term of the 
series is significant. Using only the first 
term of the series in Equation (3) and 
taking logarithms of both sides of the 
equation results in Equation (5). 


[Ay + 1), 
(5) 


Thus when only the first term of Equa- 
tion (3) is significant, Equation (5) 
predicts that a plot of the logarithm of 
the temperature ratio against bed depth 
will give a straight line of slope —Ba,?. 
Consequently if the experimental tem- 
perature gradients should plot as 
straight lines according to Equation (5) 
at sufficiently large values of s, then 
values of kh, can be calculated from the 
slopes of these lines. Thus, since the 
slope is —BA,*, and 8 can be calculated 
from the relation B = k,/GC,R®*, Ay can 
be found. Substitution of this value of 
A, in Equation (4) permits a determina- 
tion of m, whereby hk, can be calculated. 
Thus, the working equation for calculat- 
ing i, may be written as 


+ In 


Oy) 


h 


(6) 


wherein A, is determined from the slope 
of the curves 
= 6 
log — vs 


“ 


Figure 7 is evidence that the experimen- 
tal data are plotted in accordance with 
Equation (5). 


Experimental Equipment and Pro- 
cedure. It was decided that the most 
convenient way to determine point 
values of &, would be to measure the 
radial and longitudinal temperature 
gradients in air flowing through a 
packed bed operated as a steady-state 
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CHART FOR VALUES OF A, 
FOR WARIOUS VALUES OF 


TT 


heat exchanger. A _ packed heat-ex- 
changer type of apparatus was con- 
structed for this purpose. Figure 2 
shows a diagrammatic sketch of the ex- 
perimental equipment. 


The main apparatus consisted of a steam- 
jacketed, 5-in. pipe held vertically on a 
framework. The pipe was provided with 
a removable packing support at the bottom 
A centrifugal-type blower together with 
the appropriate piping was used to force 
air upward through the bed. A gas-meter- 
ing arrangement and cooling coils for con- 
trolling the inlet air temperature were 
installed between the blower and the en- 
trance to the packed tube. 

The jacketed pipe was constructed from 
standard pipe. The flanges at the ends 
were so constructed that the inner pipe 


could be removed to permit use of a pipe 
of smaller diameter. (Only one diameter 
was studied in this investigation.) A pres- 
sure tap was provided at the bottom of the 
cylinder so that the pressure drop through 
the granular bed could be measured. Steam 
connections were attached to the jacket 
surrounding the packed tube 

At the bottom of the 5-in. pipe a packing 
support was fastened. This support was 
made of 10-mesh wire gauze placed on a 
supporting framework of 16 gage sheet 
metal. The strips of sheet metal in the 
framework were placed on edge so that 
they afforded little resistance to the flow 
ot gas and yet provided a rigid support 
for the wire gauze. The packing support 
was removable so that the packing could 
be removed from the bottom of the tube 

The blower used to furnish air to the 
equipment was a Hoffman multistage 
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CONTROL VALVE 
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STEAM 
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Fig. 2. Flow sheet of experimental equipment for determination of 
temperature gradients. 
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TABLE 1.-EXPERIMENTALLY DETERMINED GAS TEMPERATURES AT VARIOUS 
RADIAL POSITIONS AND HEIGHTS IN A 5-IN. DIAMETER PACKED TUBE 


Packing: Celite 344, %-in. X %-in. cylinders. 
Inlet Temperature: 100° F. Tube Wall Temperature : 


Gas Temperatures, * F. 


2 


Weight 
ft.) of Pack- 
) ing, Ib. 


Radial Position, z, in. 


cooce 


° 


ow 


209 


TABLE 2.--EXPERIMENTALLY DETERMINED GAS TEMPERATURES AT VARIOUS 
RADIAL POSITIONS AND HEIGHTS IN A 5-IN. DIAMETER PACKED TUBE 


Packing: Celite 410, \-in 
Inlet Temperature: 100° F. 


%-in. cylinders. 


Tube Wall Temperature: 220° F 
Gas Temperatures, * FP. 
Weight 


G, 
(sq.ft.) of Pack- 
thr.) ing, Ib 


Radial Position, z, in. 
Run 
No. 


cota 


Runs 8-1 through 9-5 


to 


TABLE 3.--EXPERIMENTALLY DETERMINED GAS TEMPERATURES 
RADIAL POSITIONS AND HEIGHTS IN A 5-IN 


Packing: %-in. X %-in. Celite cylinders. 
Inlet Temperature: 100° F. 


AT VARIOUS 
DIAMETER PACKED TUBE 
Tube Wall Temperature: 220° F 

Gas Temperatures, * F 
Weight 


of Pack- 
ing, Ib. 


Radial Position, i 


Th. / ( sq.ft.) 


4 
4 
4 
7 
7 


Runs 12-1 through 


1.0 
3.0 
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centrifugal-type capable of furnishing 150 
cu.ft./min., at 3 Ib./sq.in. p, measured un- 
der standard conditions, 32° F. and 1 atm. 
It was provided with a blast gate on the 
inlet for control of air flow. 

The air from the blower passed through 
standard 2),-in. pipe to the air-metering 
equipment. The air-metering equipment 
consisted of a sharp-edged orifice with a 
Pitot tube in the center of the orifice. The 
static pressure tap for the Pitot tube was 
located at the downstream face of the 
orifice plate. The air velocity through the 
orifice was sufficiently high so that the 
velocity across the entire cross section of 
the orifice was uniform. This was verified 
by moving the Pitot tube to different points 
of the orifice cross section. The tempera- 
ture at the orifice was measured by a high 
velocity thermocouple located just up- 
stream irom the orifice plate. Standard 
Pitot tube formulas were used to calculate 
the air rate through the equipment. 

After leaving the metering equipment, 
the air passed over three cooling coils 
made of }4-in. copper pipe. During tests 
ot the equipment it was found that the 
blower required several hours to come to 
an equilibrium operating temperature. By 
circulating water through one or more of 
the cooling coils the air temperature at 
the entrance to the packed tube could be 
maintained constant even though the tem- 
perature of the air leaving the blower 
varied. By careful control ot the flow rate 
of the cooling water, variations in the 
inlet air temperature were reduced to less 
than one degree. 

The cooling section of the piping was 
connected to the packed heat exchanger by 
a removable section of sheet metal tube. A 
high velocity thermocouple was placed at 
the end of this section to measure the air 
temperature just before it entered the heat 
exchanger. 

The steam pressure to the jacket of the 
tube was controlled by using a standard 
pressure-reducing valve. It was found that 
the steam demand of the equipment was so 
low that the pressure regulating valve did 
not work properly. This difficulty was 
overcome by installing a steam by-pass line 
so that steam could be drawn through the 
reducing valve continuously. The steam 
pressure was measured with a mercury 
manometer. 

Temperature gradients in the bed were 
measured by high velocity thermocouples 
mounted on a special probe. Eleven cop- 
per-constantan thermocouples were mounted 
in 5/64-in. steel tubes supported on a metal 
cross bar. One tube was at the center of 
the bar while the others were equally 
spaced across the bar at intervals of 1% in. 
except for the two outermost tubes which 
were 7/16 in. from the next tubes. This 
made possible the measurement of temper- 
atures 1/16 in. from the tube wall and at 
half-inch spacings across the tube diameter. 

The small tubes were attached to a brass 
header. The header was threaded to a 
piece of }g-in. pipe about 8 ft. long. The 
thermocouple wires were led through the 
header, up the %-in. pipe, and out through 
a gas-tight seal at the end of the pipe. A 
side outlet at the end of the ‘-in. pipe 
was connected to a vacuum source. 

The thermocouple wires were led to a 
multiple contact rotary switch so that the 
individual couples could be rapidly con- 
nected to a precision potentiometer. 

Both wires of the couples were switched 
so that the danger of inaccurate readings 
due to short circuits between the couples 
was minimized. The switch used was a 
Mallory rotary switch with silver-plated 
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+ Syne 
No. (h 0.5 1.0 1.5 2.0 2.44 in, 
115 117 121 132 146 166 
me 126 130 143 152 168 186 a 
156 148 156 171 176 186 
25 160 167 172 181 188 199 
187 190 188 193 200 206 
ae 196 199 201 206 210 214 rf 
122 132 147 170 
ee 129 131 146 155 171 191 - 
158 150 160 174 180 192 
gre 164 169 174 183 192 201 a 
190 193 193 198 203 210 a 
199 201 204 208 212 216 
115 115 123 134 147 171 : 
aca 133 136 149 158 175 192 
peice: 163 154 164 177 184 195 2 
180 174 180 188 194 205 
194 197 197 202 207 214 
; ey 204 206 208 212 216 218 
119 120 130 140 156 183 
Magne 140 143 156 161 180 195 Be 
170 163 172 188 191 202 
176 180 186 194 199 209 
ieee 201 204 204 208 211 216 a 
207 = 211 213 217 220 
ee. 475 2.0 45 118 114 119 137 150 184 we 
oe 475 4.0 9.0 123 128 136 155 173 198 
475 6.4 13.5 130 137 143 165 182 207 
475 8.0 18.0 144 146 154 169 183 198 
475 12.0 27.0 165 i71 179 191 200 209 
ee ae: . 750 2.0 4.5 111 112 114 124 143 173 5. 
a, | 750 4.0 9.0 116 118 127 146 167 193 e 
Ey 750 6.0 13.5 122 128 136 159 177 200 Ae 
ae 6- 750 8.0 18.0 134 137 145 162 150 200 oe 
oheee 6 750 12.0 27.0 160 168 177 189 200 211 an 
Nene . 1005 2.0 4.5 108 109 109 120 137 166 pe 
1005 4.0 9.0 111 121 136 158 186 
Sn 1005 6.0 13.5 118 124 130 155 173 186 & 
eae 1005 8.0 18.0 126 131 139 158 175 196 ng 
San 1005 12.0 27.0 154 162 170 185 199 210 7 
45 108 108 109 120 135 166 
— 9.0 109 112 120 135 156 185 ry 
ec. 3.0 116 121 129 149 170 197 ay 
hoe 8.0 124 128 138 154 175 199 " 
Peer 5 104 112 118 134 160 198 ‘ 
0 133 140 153 167 187 209 
5 157 164 172 187 202 218 
0 181 182 187 196 208 219 
5 93 98 101 122 150 192 
0 106 112 131 149 173 202 
5 127 142 149 168 186 210 
eee 0 150 152 162 174 195 214 iy 
he 9 au 12.0 0 177 179 154 194 207 211 i 
areas No. hr.) in. 0 0.5 1.0 1.5 2.0 2.44 in. ! 
ae 10-1 5 20 4.25 106 108 109 118 142 193 " 
ee 10-2 bs 40 8.5 110 113 117 135 17 203 : 
oes 10-3 75 5.0 10.75 114 116 127 147 175 208 ‘a 
Se 11-1 2.0 4.25 105 103 108 116 141 182 # 
erga 11-2 o 4.0 8.5 105 105 110 i24 15¢€ 196 
11-3 5.0 10.75 109 110 117 137 171 202 
15-3 Inlet Temperature: 74° F. 
erga 12-1 175 | 2.12 96 97 101 113 141 187 a 
12-2 175 6.37 111 114 122 140 165 204 
oe 12-8 175 5.0 10.62 127 133 148 165 186 210 q 
13-1 310 1.0 2.12 &5 85 8&7 96 127 
‘ee 13-2 810 3.0 6.37 94 96 102 117 148 195 Ae 
or 13-3 310 50 10.62 100 108 123 143 175 206 a 


contacts. The cold junctions of the thermo- 
couples were placed in an ice and water 
bath. 

The thermocouples were made of 26-gage 
copper and constantan wires. They were 
checked at room temperature periodically 
during the experimental runs to insure 
agreement. 

The experimental procedure for measur- 
img temperature gradients consisted of 
packing the tube to the desired depth, allow- 
ing the equipment to come to thermal equi- 
librium at a given air rate, and measuring 
the radial gas temperatures across four 
different sections of the tube spaced at 45 
intervals. In packing the tube, the follow- 
ing procedure was used: The desired 
amount of packing material was weighed 
and <lropped into the tube, a few particles 
at a time. Care was taken to obtain uniform 
packing of the tube. Almost no breakage 
of the particles occurred during this pro- 
cedure. For the first temperature gradient 
measurements, 2 lb. of Celite 344, 34-in. x 
}2-in. cylinders were placed in the tube. 
The depth of the bed was carefully meas- 
ured by lowering a measuring stick down 
the tube from above until it touched the 
packing. These observations revealed no 
marked irregularities in the surface of the 
packing. The thermocouple probe was low- 
ered into the tube until the thermocouple 
tubes were nearly touching the packing. 

After the tube had been packed, the steam 
to the jacket surrounding the packed tube 
was admitted and the blower started. The 
vacuum was adjusted to draw air through 
the high velocity thermocouples. The rate 
of air flow through the blower was ad- 
justed to the desired value by the blast 
gate valve. The , equipment was allowed to 
run for about 2 hrs. before any readings 
were taken. All parts of the equipment 
except the temperature of the air leaving 
the blower reached an equilibrium temper 
ature rapidly. The temperature of the air 
leaving the blower increased slowly for 
several hours, and in order to compensate 
for this variation the air was cooled prior 
to the packed tube, as just described. The 
equipment was checked for equilibrium by 
taking temperature measurements in the 
packed tube until they showed no variation 
with time. The cooling water rate through 
the air cooler was controlled so that the 
air temperature at the inlet of the packed 
tube was 100° F., in most runs; 74° F. in 
the rest 

\fiter the equipment had reached equili- 
brium, readings of impact head and static 
head at the orifice were taken. The gas 
temperature at the orifice was recorded 
Barometric pressure, steam pressure, and 
pressure drop through the packed bed were 
recorded. Gas-temperature measurements 
were made with the high velocity thermo 
couples at four different sections in radial 
directions spaced at angles of 45°. This 
procedure was used in order to eliminate 
any irregularities in the temperature grad- 
ients due to local disturbances in the gas 
flow pattern. 

The rate of air flow was then changed 
to another value, and the equipment again 
allowed to come to thermal equilibrium. 
Temperature measurements were taken as 
before. This procedure was repeated until 
data were obtained at all the desired air 
rates. The thermocouple probe was then 
removed and an additional amount of pack- 
ing added to the tube. The procedure was 
repeated to give data for the new bed depth 
at the same air mass velocities used before 

For a given packed bed it was shown that 
the temperatures measured at the various 
points were reproducible. Thus, after a 
series of temperature measurements, the 
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blower was turned off for a period of time, 
and then started again. After steady condi- 
tions had again obtained, temperatures were 
measured at various points and found to 
agree within 1° F. of the first values. 

Data were taken for air mass velocities 
of 175, 310, 475, 750, 1005, 1215 1b./(hr.) 
(sq.it.) for Johns Manville Celite cylin- 
drical catalyst carrier in the following 
sizes: in. X im. X % in, and 
'@ in. X % in. Above a mass velocity of 
750 tb./(hr.) (sq.ft.), the %-in. %-in 
cylinders tended to fluidize, while the other 
—_ remained fixed for G in excess of 

1215 1b./(hr.) (sq.ft.). Tables 1, 2, and 3 
present tabulations of the measured radial 
temperatures for various depths of packing 
and for the three pellet sizes used. The 
temperature at each value of # represents 
an arithmetic average of eight circumfer- 
ential readings space 45° apart. 

In addition to the measurement of gas 
temperatures, isothermal air velocity 
measurements were made close to the top 
of the bed of packing. This was done to 
verify the assumption made in deriving 
Equation (1) and integrating Equation (2) 
that a gas flows through a packed bed in 
rod-like flow. Point velocities were meas- 
ured with a hot wire anemometer. The 
anemometer was mounted on the end of 
a long rod provided with an adjustable 
spacing bar. The long rod was used to 
lower the anemometer close to the 
the packing in the tube and its radial posi- 
tvon was adjusted by means of the spac- 
ing bar. 

Measurements of air velocity were made 
as close to the surface of the packing as 
possible without breaking the anemometer 
wire, and at numerous positions on the tube 
diameter. Measurements were made with 
no packing, a thin bed of packing, and a 
thick bed of packing, and at high and low 
mass velocities. %-in. X %-in Ts 
and '%{-in. X %-in. cylinders were used i 
the velocity measurement runs. 


top ot 


Calculation Procedures 
Calculations were divided into two 
parts. One part involved the determina- 
tion of the equivalent thermal conduc- 
tivity, and the other the calculation of 
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the film heat-transfer coefficient at the 
inside wall of the packed tube. 


Determination of the Effective Ther- 
mal Conductivity, k,: The gas-tempera- 
ture gradients obtained by experimental 
measurement along four diameters of 
the tube were averaged arithmetically so 
that a single temperature gradient was 
obtained. The average temperature dis- 
tributions taken at a single mass ve- 
locity and a particular particle size for 
different depths of bed were plotted as 
a function of radial position with bed 
depth as a parameter. A typical calcula- 
tion procedure for the runs with Celite 
344 (3-in. X %-in. cylinders) at a 
mass velocity of 750 Ib./(hr.) (sq.ft.) is 
outlined below. 


Calculation of a Typical Run. The 
first step of the calculation procedure 
was to plot the measured gas tempera- 
ture as a function of the radial position 
in the tube. Such a plot for a typical 
run is shown in Figure 3. In order to 
smooth the data and to obtain tempera- 
ture gradients at more uniform incre- 
ments of bed depth the data were cross- 
plotted as a function of bed depth as 
shown in Figure 4. 


A smoothed plot of temperature as a 
function of radial position for various 
values of bed depth was then made as 
shown in Figure 5. Tiis replotting of the 
data resulted in smooth plots that wer: 
self-consistent. It was shown that 
smoothed plots of ¢ vs 
experimental data more precisely than the 
original plot of the data 

The smoothed plot of ¢ vs. # was differ- 
entiated graphically to obtain (dt/d.r) 
slopes were taken several times to ensure 
as accurate derivatives as possible. It was 
found that the derivatives could 
duced quite well 
aS a 
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smooth aided in differesitiating the curves. 
The plot of (dt/dx),° vs. # is shown in 
6. 

The line for s = 5 in. in Figure 6 might 
appear to be inconsistent with the other 
curves in the figure. However, this is not 
the case. The gas enters the bed with an 
essentially flat temperature profile. Near 
the entrance to the bed the gas temperature 
changes rapidly at the tube wall, but slowly 
near the center of the tube. Farther along 
in the bed, as the gas temperature becomes 
higher, the temperatures change more 
slowly and the gradients become less steep, 
as shown by experimental gradients 
The plot of (dt/d#). vs. # was graph- 
ically differentiated to give (0°t/dx*),. This 
derivative was taken at numerous points on 
the curves corresponding to the points at 
which values of (dt/dx). were taken. The 
other derivative needed for substitution 
into Equation (2) to determine k. was ob 
tained from a plot of gas temperature as a 
function of bed depth for various radial 
positions. The plot of ¢ vs. 2 (Fig. 4) 
was differentiated graphically to obtain 


(dt/ds). at the positions in the granular 
bed at which (dt/dx). and °t/dx* had been 
taken. An examination of the values of 
dt/ds showed that the value of d*t/ds* was 
small and hence justified wo oan | this 
term in the derivation of Equation (2 

The corresponding values of dt/ds 
and 0*t/dx*, together with the value of mass 
velocity and heat capacity were substituted 
into Equation (2), and a value of &, deter- 
mined. Values of k&. were calculated for 
several radial and longitudinal positions in 
the bed. Values of &, at the various radial 
and axial positions in the bed are shown in 
Table 4 for a typical run. A single average 
value of &. was established from all the 
point values for the particular air mass 
velocity and type of packing involved. 

An arithmetic average of the point values 
of k. was used in obtaining the reported 
value of average effective thermal conduc 
tivity. Since point values of &, had been 
calculated at positions uniformly distri- 
buted across the tube diameter and through 
the depth of the bed this averaging pro- 
cedure appeared as acceptable as any other. 
It is conceivable that &, values for posi- 
tions midway between the center of the 
tube and the wall might be more accurate 
and hence given more weight, but no justi- 
fication on the basis of the data obtained 
could be given for such a procedure. Since 
the measured temperature gradients could 
be recalculated with good accuracy by using 
a value of &, averaged in this way, this 
method of averaging was considered accept 
able. It is true, however, that point values 
of k. appeared to show a trend and the 
reason for this trend must be clarified by 
further investigation. 

Regarding the method of calculating &., 
it is evident chat the accuracy with which 
the various derivatives were obtained influ- 
ences the accuracy of the values of &.. In 
general, it is believed that the second deriv- 
atives are reliable within +20%. This is 
based on the reproducibility of the deriva- 
tives obtained by two individuals who 
checked one another on a set of second 
derivatives within +20%. Each individual 
started with only the experimental points 
and plotted the curves and performed the 
graphical differentiations independently. 
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The contribution of the various deriva- 
tives to the value of &, varied widely with 
both radial and longitudinal position. This 
Variation may be seen from a tabulation 
in Table 3a of values of 1/x(0t/dx), and 
(d*t/dx*) for various positions in the bed. 


Determination of Film Coefficient, he. 
The calculation of 4. was made as follows 
A plot of the unaccomplished temperature 
change, (te —t)/(te—te), was plotted 
against bed depth, 2, on semi-logarithmic 
paper. A plot for a typical run is shown in 
Figure 7. The slope of the straight portion 
of these curves was shown earlier to 
equal to —k.A,"/GC,R*. Thus, from values 
ot k, determined above and the air mass ve- 
locity for a given run, A, was determined. 
This value of 2, was then used in Equation 
(6) to calculate the value of the film heat- 
transfer coefficient at the wall. In the eaten 
lation of he, values of and 
were required. A plot of these noma 
up to the first two roots is shown in 
Figure 8. 
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TABLE 3e.—VALUES OF FIRST AND SEOOND DERIVATIVES FOR A TYPICAL RUN 
%-in. X %-in. Cylinders G = 750 
25 


1 oe 

or? 
5 
4 


~~ 


4 
6 
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TABLE 4 VALUES OF be FOR VARIOUS POSITIONS IN A BED OF Also shown on Figure 9 are the data 
of Bunnell et al (1), which cover only 
a limited range but agree reasonably 

well with the correlation, 

Values of the gas-film coefficient of 
heat transfer at the inside of the tube 
wall were calculated for %-in. X 44-in. 
. cylinders at mass velocities ranging 

from 175 to 1215 tb./(sq.ft.) (hr.) and 
Moun: (2). Sam for }-in. X %-in. cylinders for mass 
(2/22) / (2% velocities from 475 to 1215 Ib./(sq.ft.) 

(hr.). Values of A, are listed in Table 

6 and are shown plotted as a function 

Results and Correlations. Values of turbulent phenomenon associated with ©! Mass velocity in Figure 10. This 
effective thermal conductivity were ob- the effective thermal conductivity. Fig- correlation is expressed by the following 
tained in a 5-in. tube for 4-in. X \%-in. ure 9 shows a linear plot of & as a ‘quation: 


0.0 
0.5 


) 
1 
15 
2.0 
24 


Celite cylinders at mass velocities rang- function of G V @y/ tum: This correlation h,, =22.95G°-%8 (8) 
ing from 175 to 750 tb./(hr.) (sq.ft.) may be expressed by the empirical 
above which fluidizing occurred; for equation where 
¥44-in. X 4%4-in. Celite cylinders at mass 
c 
velocities from 175 to 1215 Ib. / (hr.) k. = 0.18 + 0.00098 G V_% cient at inside of tube wall, 
(sq.ft.), and for 3-in. %-in. Celite B.t.u./(hr.) (sq.ft.) (° F.) 
cylinders at mass velocities from 475 to - 
1215 Ib./(hr.) (sq.ft.). Average values G = mass velocity of based on 
of obtained are shown in Table 5. where tube, 
Datz showed the effective thermal con- tb. /( sq.ft.) (hr.) 
ductivity to be a function of the air k, = effective thermal condvctivity, 
mass velocity and the particle size of B.t.u./(hr.> (sq.ft.) (° F./ The isothermal velocity measurements 
the packing. Various average valucs of ft.) showed that even for quite thin beds of 
k, were plotted as a function of the = mass velocity based on open packing the velocity profile of the gas 
modified Reynolds’ number G V cross section of tube,. different from that a gas flowing 
Although the viscosity of the gas was (hr.) (sq. ft.) through an open tube, Figure 10@ shows 
nearly constant for all the runs, it was = external surface area of par- * typical velocity traverse taken near 
: . the exit of the packed bed. The point 
velocities are quite irregular due to jets 
of air issuing between the particles, but 
it is not an unexpected result. On the 
basis of curves of this type it was 
assumed that the gas velocity does not 
have any marked trend which might 
discredit unduly the assumption of rod 
ose like flow made in the integration of 
cylinders 097 8 2 Equation (2). This assumption seems 
; further justified in view of the good 
check obtained when the observed tem 
TABLE 6.—VALUES OF GAS FILM HEAT-TRANSFER COEFFICIENT, he perature gradients were recalculated. 
198 ase 475 750 (Fig. 13.) Velocity traverses for 
greater bed depths showed a similar 


\-in. X \-in. cylinders . 2 12 31 46 
%-in. X %-in. cylinders 21 28 29 irregular pattern. 


= gas film heat-transfer coeffi- 


included in the correlation because it ticle, sq.ft. 
was believed that the Reynolds’ number = arithmetic average gas viscos- 
should be the correlating group for the ity, Ib./(hr.) (ft.) 


TABLE SUMMARY OF AVERAGE VALUES OF k, 


G 475 


TABLE A 
=04 


0.501 
0.322 0.185 
0.0963 0.0520 
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or J (oq i (oe 
21 22 17 17 8 
17 22 13 16 6 
| 13 18 7 4 6 
| U 10 15.3 7 113 7 8.7 7 6.7 47 
10 14.5 8 10.5 8 8 5 
13.3 y 10 10 3.7 54 
as 
é 06 g=08 g=1 
17.25 0.580 150 0.557 153 185 0.1638 200 is 
: 25.0 0.372 175 0.360 177 198 0.102 208 
46.0 0.113 206 0.108 207 214 0.08 217 
te —t 
Note: Y¥= - 
—te 
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CORRELATION OF EFFECTIVE THERMAL 
CONDUCTIVITY, kg, AS A FUNCTION OF 
REYNOLOS NUMBER, 


kg * 0.18 + 000093 


hw AS A FUNCTION 
OF MASS VELOCITY 


ke, Btu ft) 


° 


cylinders 


hy, Btu. ft)(°F) 


cylinders 


Discussion of Results 


From the correlation of k, as a func- 
tion of the modified Reynold’s numbers, 
GV @y/Hm, (Fig. 9), it seems permis- 
sible to conclude that the effective 
thermal conductivity is a measure, pri- 
marily, of the lateral transport of heat 
due to turbulence in the packed bed. 
Thus, all the factors contributing to 
an increase in turbulence also contri- 
bute to an increase in &,. It should be 
noted, however, that since only packings 
of low thermal conductivity were 
studied, no effect of this variable was 
observed. It is conceivable that a pack- 
ing with a high thermal conductivity 
might contribute significantly to the 
lateral heat transfer in a packed bed. 

The correlation obtained for k, is in- 
teresting in the light of Equation (2) 
which states that &, should be a function 
ot G and the ratio of the longitudinal 
temperature gradients to the derivative 
of the radial temperature gradient. Since 
k, is assumed constant for any position 
in the bed for given conditions of air 
flow and packing size, it might have been 
presuppcesed only as a special case that 


the ratio 
ot 1 
Oz x Ox \ Ox 


would be constant for any set of con- 
ditions. However, the experimental re- 
sults tend to show that since k, is a 
linear function of the superficial mass 
velocity and a characteristic dimension 
of the packing, the ratio 


oz Ox\ Ox 


constant 


and independent 


Viscosity of the air was included in 
the correlation for the sake of general- 
ity, although the total variation of this 
factor was not more than about 30 per 
cent. Therefore, the effect of viscosity 
requires further study, especially for the 
case of steep temperature gradients cov- 
ering large radial temperature drops. 
The value of viscosity used in the corre- 
lation is an arithmetic average of the 
inlet and outlet viscosities. 

The effect of natural convection on 
k, was not investigated in this study, 
but it is anticipated that it might be 
significant at low mass velocities, and 
ior packed tubes operating in a hori- 
zontal position. 

It was interesting to note from ve- 
locity measurements that temperature 
and velocity gradients fail to show the 
correspondence that occurs in turbulent 
flow in empty tubes. In an early study, 
Pannell (75) made velocity and temper- 
ature explorations in a turbulent air 
stream heated while flowing 
through a 1.92-in. diameter pipe. The 
correspondence between velocity and 
temperature is shown in Figure 67 of 
McAdams (13). In the study reported 
here, measurements of radial velocity 
distribution just above the packing were 
made with a hot wire anemometer. Re- 
sults showed that the velocity gradients 
and temperature gradients in packed 
tubes do not show the correspondence 
found for these gradients for turbulent 
flow in open tubes. 

Since the effective thermal conduc- 
tivity presented in this study is derived 
from point values of temperature grad- 
ients, it differs from the over-all con- 
ductivity of Hougen and Piret (10) who 
combined the effect of the film coefficient 
with the effective conductivity. The only 
published values for k, comparable to 


being 
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G, tbs. /(hesq. ft) 


Fig. 10. 


the k, used in this paper are the values 
of Hall and Smith (8) and Bunnell, 
Irvin, Olson and Smith (17). These 
values were calculated from data taken 
in a 2-in. tube at relatively low Rey- 
nolds numbers. They are shown plotted 
in Figure 9 for comparison, and fall 
below the present correlation. A linear 
relationship between & and Reynolds 
number was presented by Bunnell et al 
(1), and may be written as k, = 0.125 
+ 0.0007G \/ for comparison 
with Equation (7). In view of the dif- 
ferences between the systems and the 
experimental procedures, agreement be- 
tween the two correlations appears to 
be satisfactory. It is of interest to note 
that Hall and Smith (8) also neglected 
the gas-film resistance and extrapolated 
their experimental temperature grad- 
ients to the wall temperature. This was 
initially done in the study reported here, 
but on attempting to reproduce the ex- 
perimental temperature gradients, it was 
found that the film resistance at the 
inside of the tube wall, 1/h,., was appre- 
ciable and must be taken into account. 
When &, and hk, were taken into ac- 
count the experimental temperature 
gradients were reproduced quite well. 
The method of using &, and h,, to re- 
produce the gradients for a typical run 
is illustrated by the following example: 
Example: 
Conditions: 
Mass velocity = 750 Ib./(hr.) (sq.ft.) 
Packing = %-in. x %4-in. Celite cyl- 
inders 
Inlet 
temperature = 
Modified 
Reynolds 
number = 
V 


100° 


G V @>/um = 1280 
0.0925 it. 
0.0484 Ib./ Chr.) (ft.) 


R 2.5 in. = 0.208 ft 
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From Figures 9 and 10 values of &. and he 
are 1.38 B.t.u./(hr.) (sq.ft.) (° F./ft.) and 
26.5 B.t.u./ (hr.) (sq.ft.) (° F.) respectively. 

In order to calculate the gradients from 
the above data, it is necessary to have a 
set of curves similar to those in Figure 7 
for the appropriate value of m, the ratio 
of (&./R) to he. If such a set of curves 
must cover a wide range of values of ., 
including values less than 0.2, then the 
curves must be calculated for the desired 
m values from the series given by Equa- 
tion (3). However, temperature gradients 
may be estimated for values of Sz > 0.2 
without evaluating the series by means of 
the working chart shown in Figure 11. This 
chart is a plot of (te —t)/(te—t.) for 
various values of m at two values of 8., 
and several values of € To prepare a set 
of curves for estimating temperature 
gradients, it is necessary to determine only 
the required value of m, and from Figure 
11 establish by a cross-plot two sets of 
points of (te —t)/(te—t.) and €, one 
set for ss = 02 and the other set for 
Bs = 0.7 

These sets are then plotted as — t)/ 
(te —t.) vs. Bs on semilog paper, and 
straight lines drawn between each pair of 
points corresponding to a given &. To illus- 
trate this procedure for the calculation at 
hand, it was found that the value of m is: 


1.38 


= 0.252 


From Figure 11, two sets of points at 
Bs = 02 and 8 = 07 are selected corre- 
sponding to a value of m = 0.252. These 
are plotted on semilogarithmic paper im 
Figure 12. Extrapolation of the curves on 
Figure 12 below 8z = 0.2 is not valid 

Temperature gradients now can be deter- 
mined from cross-plots on Figure 12 at 
various prescribed bed depths. For the con- 
ditions at hand, 8 = k./GC,R*® = 1.38/ 
(750 « 0.25 x 0.208") = 0.170. If temper- 
ature gradients are estimated at s = 17.25, 
25.0 and 46.0 in. the corresponding values 
of Bz are: 0.246, 0.354, and 0.652, respec- 
tively. The tabulation on p. 147 (Table A) 
gives the corresponding values of (te — t) 

(te — t.) and ¢ at various é's and at three 
bed depths. 

The calculated values of t in Table A 
are plotted as a function of € in Figure 13 
and compared with the experimentally de- 
termined values. It will be observed that 
the comparison is favorable. Also plotted 
on Figure 13, is a radial temperature grad- 
ient curve at zs = 17.25 in. for the case of 
m = 0; ie, no resistance at the wall. It is 
evident from this curve that the customary 
assumption of negligible resistance in the 
gas film at the inside of the tube wall is 
scarcely justified. 


Errors in the inlet-gas temperature 
and the tube-wall temperature are of no 


consequence in the experimental evalu- 
ation of k,, since the calculation of 


VELOCITY DISTRIBUTION OF GAS 
LEAVING A PACKED 

125 Bee Depth 


(FT 


OISTANCE FROM CENTER OF TUBE, (iW) 


Fig. 10a. 


k, does not involve either temperature. 
However, the inlet and the tube-wall 
temperatures are used in calculating the 
value of he. Nevertheless, errors in 
these two measurements do not greatly 
affect the slope of the curves (Fig. 7) 
used to determine A,, and subsequently 
he. This was verified by a trial calcu- 
lation using an inlet temperature of 104° 
instead of 100° F,. All the curves in 
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me 


0.09 
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be used for volves of 
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COMPARISON OF CALCULATED RADIAL 
TEMPERATURE GRADIENTS WITH 
EXPERIMENTAL GRADIENTS 
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Figure 7 were merely moved upward by 
the increase in inlet temperature, but the 
slope of the curves was unchanged. This 
indicates that the value of je is rela- 
tively insensitive to the value of inlet- 
gas temperature. However, in recalcu- 
lating the temperature gradients for 
Figure 13 with the values of k, and he 
taken from the correlations it was noted 
that an error in the inlet temperature 
causes a significant error in the calcu- 
lated temperature gradients. Thus when 
the gradients were calculated for an 
inlet temperature of 105° instead of 
100° F., the values checked more nearly 
the experimental points. This might lead 
one to conclude that the value of inlet 
temperature used in the calculations was 
lower than actual. This is more than a 
remote possibility, since the inlet air 
might have been heated by the equip- 
ment between the point of measurement 
and the point of entrance to the tube. 

The fact that he is significant can be 
explained on the basis that the tube wall 
forces the gas to lose the turbulence it 
attained in the packing and to flow along 
the wall thereby creating the usual 
laminar layer and the resistance to heat 
flow associated with it. 

The correlation of /iw as a function of 
G (Fig. 10) shows a scattering of points 
for the '%4-in. X %-in. cylinders. This 
scattering is due, in part, to the method 
of analysis. The value of he is deter- 
mined from a ratio of Bessel functions 
of zero and first order, Equation (6). 
The nature of these functions is shown 
in Figure 8. It is apparent that if a 
value of A,, as determined from Figure 
7, approached a root of J,(x); i.e. 
J,(4;) 7 0, then the calculation of he 
from Equation (6) is extremely sensi- 
tive to a small error in Ay. The curved 
lines in Figure 1 also show how the ratio 


of varies extremely rap- 
idly as x approaches a root of J,(x). 
Consequently, values of hw might be ex- 
pected to involve rather large errors 
when calculated for values of A, greater 
than 2.1, the first root of J;(#) being 
2.4048. The value of A, for %4-in. x %- 
in. cylinders was in the vicinity of this 
first root. 

The case where A, = 2.4048, a root of 
J,(*), is the condition of zero resistance 
in the gas film at the wall. The fact that 
A, appears to approach this value as the 
packing size decreases might mean that 
small particles tend to disrupt any lam- 
inar film which exists along the wall. 

It is believed that further studies will 
show that he is a function of particle 
size, so that actually two lines might be 
drawn on Figure 10 for the two differ- 
ent sizes of particles involved. 

Values of the over-all heat-transfer 
coefficient calculated for several runs 
from mixed mean gas temperature 
checked well with the correlated values 
of Leva and co-workers (11, 12). 

Further work is required to establish 
the effect of viscosity and tube diameter 
on k,, and the effect of particle size 
on he. 
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Notation 


external surface area of a 
particle, sq.ft. 
heat capacity of gas, B.t.u./ 
(° F.) (ib.) 
= mass velocity based on open 
tube, Ib./(hr.) (sq.ft. ) 
= gas-film coefficient at inside 
of tube wall, B.t.u./(hr.) 
(sq. it.) (° F.) 
= Bessel function of zero order 
and first kind 
Bessel function of first order 
and first kind 
= effective thermal conductivity, 
B.t.u./(hr.) (sq.ft.) (° F./ 
it.) 
resistance ratio = k,/h,R 
index of summation, Eq. (3) 
rate of heat release per unit 
volume of reactor, B.t.u./ 
(cu.ft.) Chr.) 
tube radius, ft. 
= gas temperature, ° F. 
uniform inlet gas 
ture, ° F. 
= temperature of gas at gas film 
adjacent to tube wall, ° F. 


tempera- 
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temperature of tube wall, ° F. 
radial distance from center of 
tube, ft. (Expressed as in. 
on the various figures) 
(ty — t)/(te — te) 
= distance along tube axis, ft. 
(Expressed as in. on the 
various figures.) 


k,/GC,R*, 1/it. 
x/R, dimensionless 
characteristic values defined 
by Eq. (4), dimensionless 
= viscosity of gas, Ib./(ft.) 
(hr.) 
= arithmetic average of inlet 
and outlet gas viscosities, 


Ib./ ( ft.) Chr.) 
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BOILING COEFFICIENTS OF HEAT TRANSFER 


C4 Hydrocarbon-Furfural Mixtures Inside Vertical Tubes 


W. E. BONNET * and J. A. GERSTER 


University of Delaware, Newark, Delaware 


LTHOUGH several investigators 

have studied the evaporation of 
pure liquids in forced convection inside 
of vertical tubes (3, 15, 20), experimen- 
tal data on boiling heat-transfer coeffi- 
cients are not readily available for the 
case of liquid mixtures of widely differ- 
ent volatilities. Opportunity to measure 


such coefficients was afforded through - 


study of the operating characteristics of 
a reboiler which was installed as part 
of a pilot plant distillation column spe- 
cially designed to measure plate effi- 
ciencies im extractive distillation systems 
(12). The reboiler of this unit received 
from 12 to 43 gal./min. of a boiling 
liquid mixture of butylene, butane, and 
furfural containing from 0 to 15 mole % 
ot the C, hydrocarbons. This liquid 
passed upward in forced convection 
through 163 34-in. tubes, 14 B.W.G., 
slightly more than 10 ft. long. Pressure 
of operation was from 0 to 60 Ib./sq.in. 
gage. Because of the low volatility of 
the furfural (its normal boiling point 
is 323° F.), operation of the reboiler 
could easily be carried out so as to 
vaporize nearly all the Cy hydrocarbons 
with negligible vaporization of the fur- 
fural. Under such conditions, the 
effect of percentage vaporization of the 
reboiler feed could be easily studied and 
controlled by variation of the C, hydro- 
carbon content of the reboiler feed. 

Realizing that the reboiler itself was 
of sufficient size so that operating data 
would probably be applicable to com- 
mercial exchangers, and that as part of 
an experimental unit the reboiler could 

Table 2, Summary of Operating Data for 
C.-Hydrocarbon-Furfural Reboiler and 
Table 4, Calculated Heat Transfer Data 
for C.-Hydrocarbon-Furfural Reboiler are 
on file (Document 3183) with the Ameri- 
can Documentation Institute, 1719 N Street, 
Northwest, Washington, D. C. Obtainable 
by remitting $1.00 for microfilm and $1.00 
for photocopies. 


* Present address: Sun Oil Co., Marcus 
Hook, Pa 
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be tested under widely varying yet care 
fully controlled conditions, an experi- 
mental program was undertaken. The 
purpose of the program was not only to 
measure heat-transfer coefficients for 
the process (tube) side of the reboiler, 
but to study the effect of mass velocity 
and fraction of the inlet feed vaporized 
upon the magnitude of the coefficients. 

Boarts, Badger and Meisenburg (3) 
studied the change in temperature of 
water as it rose upward in the tube of 
a vertical forced-circulation evaporator 
They found that as the fluid passed up 
the tube, the temperature increased until 
boiling started, then decreased through 
the boiling section as the hydrostatic 
head above the fluid decreased. Me 
Adams, Woods, and Bryan (16) ob- 
served the same phenomena in a hori- 
zontal tube, although the decrease in 
temperature through the boiling section 
was caused only by the lowering of 
pressure due to pipe friction and was 
therefore smaller than the case where 
hydrostatic liquid head was present. 
McAdams, Woods, and Heroman (17) 
used the same horizontal tube apparatus 
to vaporize benzene-oil mixtures, which 
are similar to the mixtures employed in 
this study since the components were of 
widely varying volatility. These inves- 
tigators found a steady increase in the 
temperature of the process fluid as it 
moved through the tube in contrast to 
the decrease in temperature found in 
the boiling zone when water was the 
fluid employed. The steady temperature 
increase obtained with benzene-oil mix- 
tures was attributed to the fact that the 
decrease in boiling point of the liquid 
caused by the pressure drop through the 
tube was more than counterbalanced by 
the increase in boiling point resulting 
from removal of benzene from the liquid 
by vaporization. 

In both the benzene-oil and water 
vaporization studies in the horizontal 
tube, McAdams, et al. (16, 17) meas- 
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ured the progressive change of heat- 
transfer coefficients along the tube, 
These coefficients first increased as the 
fluid mixture passed through the tube, 
then decreased rapidly after 50 to 70% 
of the feed had been vaporized. This 
latter behavior was attributed to insufh- 
cient liquid remaining to wet completely 
the walls of the tube for the case of 
water vaporization. However, for the 
vaporization of benzene-oil mixtures, it 
was shown that the decrease in coefh 
cient at the higher vaporization resulted 
from depletion of benzene in the liquid 
phase causing a corresponding increase 
in liquid viscosity. Data from the 
benzene-oil studies (17) will be com 
pared with the results of this paper in 
a later section. 

The experimental program for th 
present study was somewhat limited by 
the amount of vapor which could be 
generated. This quantity was largely 
determined by the C, hydrocarbon con 
tent of the inlet feed to the reboiler, 
and at the highest pressure of operation 
employed (60 Ib./sq.in. gage) did not 
exceed 15 mole %% C, hydrocarbon. Un- 
der these conditions of low vaporization 
it was not expected that the local heat 
transfer coefficient would diminish along 
the tube length due to vapor binding, or 
that the critical temperature difference 
would be exceeded 

The final experimental program con- 
sisted of four series of runs, each with 
a separate constant fractional vaporiza 
tion of the process fluid entering the 
reboiler as follows: 0, 2, 5, and 10-12 
mole % vaporized. Each series of runs 
was carried out over a range of mass 
velocity, G, from 20,000 to 80,000 Ib./ 
(hr.) (sq.ft.) of tube cross section, cor- 
responding to flow rates of from 12 to 
43 gal./min. Reynolds numbers inside 
the tubes were varied from 600 to 2700, 
when evaluated with G as the total mass 
flow rate, and » as the viscosity of the 
liquid at its mean temperature. 
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Experimental 


The reboiler used in this study was a 
vertical, once-through, forced-circulation 
type. A drawing is given in Figure 1. The 
process liquid entered the bottom head from 
the side, flowed upward through a bundle 
of 163 Admiralty metal tubes, 12176 in. 
long x %-in. O.D. x 14 B.W.G., 2 left 
the top head through the side. The tubes 
were heated on the outside by condensing 
steam, which entered the top of the steel 
shell and leit the bottom as condensate. The 
top and bottom heads were constructed of 
Everdur and the tube sheets of forged 
aluminum bronze. The shell was insulated 
with 1 in. of magnesia covered with 4% in. 
of asbestos cement. An extra deep stuffing 
box was provided to allow for movement 
of the bottom tube sheet due to thermal ex- 
pansion of the tubes. Reboiler specifications 
are summarized in Table 1. 

‘he reboiler was part of a pilot extrac- 
tive distillation unit for the separation of 
isobutane from 1-butene with furfural as 


i the selective solvent and has been previously 


described (12). This operating system was 
entirely closed, all streams being continu- 


~ FLOATING TUBE SHEET 


Schematic view of reboiler. 


RUNS C-7 TO C-18 | 
MOLE PERCENT 
P=SLB/SOIN GAGE 


RUNS 
TO 1£-40 

Z*10 MOLE PERCENT 

P:4018 GAGE 


5 10 


Fig. 2. Estimation 


ously recirculated. The liquid entering the 
reboiler consisted of a solution of isobutane 
and 1-butene in furfural and this flowed by 
gravity from the bottom tray of the column 
to the reboiler for the purpose of vaporizing 
the dissolved C, hydrocarbons. The liquid- 
vapor mixture leaving the reboiler went to 
a gravity separator, from which vapor 
flowed to the bottom of the column. The 
liquid from the separator was cooled, then 
pumped through an orifice flowmeter to the 
top of the column where it entered as 
solvent. Since, under steady-state operating 
conditions, all the furfural passing through 
the orifice also entered the reboiler, sample 
analyses of the liquid at the orifice and the 
liquid entering the reboiler, permitted direct 
calculation of the flow rate of liquid enter- 
ing the reboiler. The rate of pumping of 
solvent was controlled by a Fisher dia- 
phragm motor valve actuated by a Brown 
recording flow controller connected to the 
standard orifice in the line. This orifice 
meter was previously calibrated by weigh- 
ing the quantity flowing during a given 
time 

A standard orifice and Brown flow re- 
corder controller was provided for the 


TABLE 1.—REBOILER SPECIFICATIONS 


Part 


Shell 
Main and floating heads in. L.D., 
Main tube sheet .....21%-in. D., i% in. thick 
es tube sheet ...16%-in. D., 2 in. thick 
bes 14 B.W.G., 


Total number of tubes—163 
Cross-sectional area inside tubes 
Total outside tube heat-transfer ares 
Total inside tube heat-transfer area 
Tube spacing: 

Equilateral triangular, 
Inside tube diameter 


1 in 
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Dimensions 
%-in. wall thickness, 
\%-in. wall thickness, 


121% in. 


between centers 


Material 


118% in. long 
18 in. long 


Steel 

Everdur 

Forged aluminum bronze 
Forged aluminum bronze 


long Admiralty metal 


sq.in. or 0.303 sq.ft. 
sq.ft. 


0.0486 ft 
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of fouling by Wilson plot method (//). 


30 35 40 


steam to the reboiler shell. The condensate 
outlet was equipped with a bucket trap to 
maintain the liquid leaving at the satura- 
tion temperature corresponding to the pres- 
sure in the reboiler shell. The steam flow 
meter was calibrated by weighing the con- 
densate and was found accurate to within 
2%. 

Pressure gages were located in the re- 
boiler process liquid line just before the 
entrance to the bottom head and in the 
process line from the reboiler to the sepa- 
rator just outside the top head 

Temperatures were measured by iron- 
constantan thermocouples in specially con- 
structed wells which ns quickly to 
temperature changes (12 The couples 
were of 24- gage wire a | ‘the wells were 
made of %-in. O.D. stainless steel tubing 
Thermocouple potentials were read with a 
Brown Electronik potentiometer and certain 
important values were recorded continu- 
ously by a 16-point Brown Electronik strip 
chart recorder. The potentiometer was 
calibrated with a Leeds and Northrup pre- 
cision potentiometer and the iron-constantan 
thermocouples were calibrated at the freez- 
ing and boiling points of water. 

After establishment of steady state, the 
following data were recorded : temperatures 
of the reboiler process liquid inlet and out- 
let, temperatures of the atmosphere, steam 
supply, and steam condensate ; pressures of 
the steam at the flowmeter and at the 
reboiler shell, and pressures of the reboiler 
process liquid inlet and outlet. Furfural and 
steam flow rates were automatically re- 
corded. Samples were taken of the liquid 
entering and leaving the reboiler and of the 
vapor leaving. Sample data are summarized 
in Table 2. 


Sampling Procedure and Analysis. Hy- 
drocarbon vapor samples were taken in 
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/ PROCESS | | 
EAD \ FLUID 
| 
j 
met \ | 
| 
| | n | 
Ld 
a 43.7 
314 
f 245 sqft 


glass-collecting bottles sealed with satu- 
rated sodium nitrate solution. The liquid 
samplers were small aluminum bombs of 
the type used by Mertes and Colburn (18). 
Silver nitrate solution catalyzed with mer- 
curic nitrate was used to absorb the 
I-butene in an Orsat-type apparatus, the 
isobutane being determined by difference. 
The liquid samples were analyzed by strip- 
ping the hydrocarbons from the furfural 
with carbon dioxide, absorbing the carbon 
dioxide in potasium hydroxide solution, and 
measuring the total hydrocarbon gas vol- 
ume. This gas was then analyzed for iso- 
butane and 1-butene. Analytical procedures 
have been previously described (78). 


Materials 
mcal grade, 


The furfural was of the tech- 
obtained from the Quaker Oats 
Co., and contained than 0.2% water 
and 0.1% polymer originally. Triethanol- 
amine was used to adjust the acidity to a 
pH of 6. The furfural was periodically 
removed for redistilling to prevent the 
polymer content from exceeding 1% 

The hydrocarbons were Phillips Petrol 
eum Co.'s pure grade (specified 99% pure) 
and were used as purchased 


Physical Properties. Buell and 
wright (5) have tabulated values of spe- 
cific heat, thermal conductivity, density, 
viscosity, and latent heat of pure furfural. 
Density, viscosity, and specific heat of the 
pure hydrocarbons were obtained from 
available sources (2, 10, 13). Grohse (11) 
has utilized these data and the values of 
heats of solution of hydrocarbons in fur- 
fural given by Mertes and Colburn (18) 
to prepare an enthalpy chart for the system 
isobutane-1-butene-furfural. Densities and 
viscosities of solutions were estimated from 
the values for pure liquids. Compressibility 
factors for the gases were obtained from 
Olds et al. (19). The physical properties 
employed are summarized for convenience 


in Table 3. 


less 


Boat- 


Method of Calculation 
Over-all Coefficients of Heat Trans 


TABLE 2.— 
Run Number 


Temperatures, * F. 
Process liquid entering reboiler 
Process liquid leaving reboiler 
Atmosphere 
Steam entering reboiler 
Steam shell condensate . 


Pressures, Ib./sq.in.gage 
Reboiler steam shel! 
Process liquid inlet 
Process liquid outlet (12 ft. above inlet)” 
Process Liquid Analyses, Mole % 
Liquid entering reboiler 
Total Ce hydrocarbon 
Isobutane (furfural free basis) 
Liquid leaving reboiler 
Tota! Cs hydrocarbon 
Isobutane (furfural-free basis) 


Flow Rates 
Steam rate, Ib 


hr 
Liquid leaving re boiler, Ib.moles/hr 


cients of heat transfer were calculated 
by the usual relationship Q = UAAtl, 
based on the inside tube surface area. 
The heat input to the reboiler was cal- 
culated from the product of the steam 
flow rate and the enthalpy difference 
between supply and condensate. When 
corrected for estimated radiation 
this figure gave the net heat transferred, 
which was checked against an enthalpy 
balance on the process fluid. Runs with 
discrepancies between these two values 
of heat flow rates greater than 10% 
were discarded. The average discrep- 
ancy of the data utilized was +4.2%. 
Regardless of the agreement between 


loss, 


_the two values for the total heat flow 


rate, the value obtained from the steam 
rate was used in the calculations since 
the steam meter had been carefully 
calibrated and was known to be accu- 
rate. On the other hand, there is some 


SAMPLE OPERATING DATA FOR Cs HYDROCARBON-FURFURAL REBOILER 


ature values for the heat capacity of 
furfural at temperatures around 300° F, 

The nature of the apparatus employed 
did not permit measurement the 
process fluid temperature at any port 
except at the entrance and exit parts 
the boiler so that assumption 
was necessary for calculation of the 
mean temperature difference. The 
widely employed logarithmic mean tem- 
perature difference requires constant 
specific heat values for the 
fluids and constant coefficients of heat 
transfer along the tube length. The 
former condition is met fairly well in 
this work, but it was expected that as 
vaporization proceeds along the tube 
length the coefficient of heat transter 
would change appreciably. The work of 
previous investigators (1/6, 17) has 
shown that the coefficient of heat trans- 
fer increases with the proportion vapor- 


ot 


ol some 


process 


fer for Boiling Runs. Over-all coeffi- doubt concerning the accuracy of liter- ized, within moderate limits. In addi- 


PROPERTIES OF FURFURAL-Cs HYDROCARBON SYSTEM 


B.t.u./lb. mole—Datum: Pure, Saturated Liquids at 32° F 


TABLE 3.—PHYSICAL 


Enthalpy, 


Mele 


5 


1-Butene in Furtural 


Isobutane in F urfurel 


20 


Pure Components Mole % 
Isobutane 1 Butene F urfural 5 
3020 
5000 
6990 


2500 


2140 
3770 
5400 


Liquid, * 
6600 
8750 


5940 66R0 


8710 R40 
10708 
11980 
13250 


14650 


11000 
12120 
13240 
14400 


24700 
25950 
27200 
28600 


Vapor, *F 
( 0 sq.in.abs.) 


10110 
11500 
12950 
14400 


10490 
11660 
12900 
14150 


(65 Ib. /sq.in.abs.) 


1-Butene or Isobutane in Furfural 


Pure Furfural 12 


F. 150° F 200° F. 
0.852 0.641 
5.70 445 


00° F. 200° 
0.482 
3.33 


150° F 
0.637 
424 


250° F 
0.457 
3.38 


0.450 
0.994 


100° F 
0.918 
5.98 


100° F. 150° PF. 
0.741 


1.076 
6.94 au 


250° F. 
0.527 
3.97 


100° 
Viscosity, cp. .. 1 
Ner (Prandtl number) 
at 


X 
°F.) 


Density ‘ee 


0.438 
0.987 


0.422 
1.110 


0.406 
1.108 


0.420 
1.070 


0.406 
1.065 


0.419 
1.026 


0.437 
1.080 


0.453 
1.049 


1 Butene 


150° F. 
6476 


leobutane 


150° F 200° F. 
7399 13260 


F urfural 
100° 
3720 


100° 
3181 


250° F. 
19890 


200° F. 
11840 


250° P. 
21890 


250° F. 
214 


Thermal conductivity of furfural, k = 0.1525 B.t.u./(sq-ft.) (hr.) (* F.)/ft. 
Coefficient of thermal expansion of furfural, 8 = 0.000576 per * F. 


200° F. 
81.5 


“150° F. 
24.7 


100° F 


Vapor pressure mm. Hg 5.9 
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Fig. 3. Comparison of nonboiling data for heating of pure 
furfural with correlation of Colburn (8). Solid lines repre- 


sent the equation j = 


1.86 (L/De@) 
(u/u) + 0.015 No, %). 


(Ne.)~%, where 
Value of (1/D¢) in this 


study was 23.5. 


tion, the temperature rise of the process 
liquid in the reboiler is about 150° F., 
which causes a change in the physical 
properties of the liquid, especially the 
viscosity. This latter effect is somewhat 
counterbalanced by the loss of the low 
hydrocarbons from the 
liquid, but the net result of the tem- 
perature change is to increase the coeffi- 
cient of heat transfer. 

Colburn (7) has shown that when the 
coefficient of heat transfer is assumed 
to vary linearly with temperature, the 
use of a logarithmic mean driving force 
is permissible if the coefficient of heat 
transfer so obtained is associated with a 
mean bulk temperature of the liquid ¢,, 
given by the equation: 


viscosity 


tm = F(tg—ty) +t (1) 
where 
R 
/C 
1/C + 
log (C+1) 
log R 
(2) 


R = At, /At, 


(U,—U;)/Us 


(3) 


C= (4) 


Although applicability of the above re- 
lationships could not be tested for the 
present case, these equations were em- 
ployed in the calculations since they hold 
fairly well for nonlinear cases and are 
much to be preferred over those pro- 
viding no allowance for change in the 
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coeficient of heat transfer. Equation 
(4) required knowledge of the relative 
magnitudes of the local coefficients of 
heat transfer at the two ends of the 
tube, and such information was not 
available. A value of C was assumed 
to be 2. Actually an estimate of the 
value of C is permissible since the equa- 
tions are not too sensitive to changes 
in this value. 

Evaluation of the heat-transfer co- 
efficient by integration methods utilizing 
successive small sections of the tube 
length over which the mean temperature 
difference is closely equal to the log 
mean value would be more precise than 
the above-given method if the corre- 
sponding quantity of heat transferred in 
each small section could be accurately 
determined. Unfortunately, with the 
ternary mixture used in these studies, 
known assumed values of temperature 
and pressure at such intervals along the 
tube length will not permit ready calcu- 
lation of vapor and liquid quantities 
even when equilibrium of vapor and 
liquid is assumed, Treatment of the two 
C, hydrocarbon components as a single 
substance enables a good approximation 
to be made, but even in this case equili- 
brium data must be estimated above 
200° F. Lack of precise enthalpy data 
for C, hydrocarbon-furfural mixtures 
at higher temperatures further limits the 
accuracy obtainable from such methods. 


Evaluation of Individual Film Coe ffi- 


cients. Two series of the boiling runs 
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are available where all conditions except 
the process fluid flow rate were held 
reasonably constant so that the Wilson 
plot method (27) could be applied to 
evaluate the combined steam, metal wall, 
and fouling resistances. In runs C-7 
through C-18, average conditions were 
as follows : entering and leaving process 
liquid temperatures, 123° and 221° F., 
respectively; shell-side steam tempera- 
ture, 238° F.; outlet pressure of the 
process fluid, 5 Ib./sq.in. gage; and 2 
mole % of the inlet liquid was vapor- 
ized in the reboiler. In runs /E 30 and 
33-40, the entering and leaving process 
liquid temperatures were 135° and 
295° F., respectively; the  shell-side 
steam temperature 307° F.; the 
outlet pressure of the process fluid was 
40 Ib./sq.in. gage; and 10 mole % of 
the inlet liquid was vaporized in the 
reboiler. 


Was 


As will be shown later, the process- 
side boiling coefficient of heat transfer 
varied as the 0.8 power of the mass 
velocity of the fluid inside the tubes, so 
that the relationship 1/[ l/h, +1, 
(aG®*) is applicable for any series of 
runs where G is the only variable. In 
this equation LU’ is the measured over-all 
heat-transfer coefficient, 1/h, is the 
combined steam, metal, and fouling re- 
sistances, and a is a constant. Figure 2 
is a plot of experimental values of 1/U 
for the two series of runs mentioned 
above plotted against 1/G°*, where it 
may be seen that two separate straight 
lines are obtained. Some question as to 
the exact placing of these lines is evi- 
dent; but in any case the magnitude of 
the y-intercept is small. This appears 
reasonable in view of the small resis- 
tance of the metal wall and probable 
absence of appreciable fouling. Al- 
though visual inspection of the tubes 
has not been made following these tests. 
an examination of a portion of the in- 
terior of the Everdur top head was 
made. No noticeable fouling of this 
metal was observed after a total of 
600 hr. of operation. 

Calculation of the boiling film coeffi- 
cients of heat transfer was made for all 
rtins by subtracting from the over-all 
resistance a value of 1/h, of 0.0005. 
Since around 95% of the total resistance 
is represented by the boiling coefficient, 
small uncertainty in evaluating the in- 
tercept 1/h, on the Wilson plot of 
Figure 2 would not cause appreciable 
error in the experimental value for the 
boiling coefficients. 

A sample calculation for run /E-33 is 
given in detail on page 155. 


Coefficients for-Non-Boiling Runs. A 
series of runs was made heating pure 
furfural inside the tubes in which no 
boiling occurred. These runs were made 
to compare results with the accepted 
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Furfural composition in the vapor at reboiler exit 
Vapor pressure of furfural at exit temperature of 297° F. (Table 3).501 mm. Hg. 
Furfural composition of liquid at reboiler exit (Table 2) 97.12 mole % 
Total pressure of system at reboiler exit (Table 2) 

42 Ib./sq.in. gage or .... 
Furfural composition in the vapor at reboiler exit 
(501) (97.12) /2930 


2930 mm. Hg. abs 


16.6 mole % 


Flow rates of process fluids 
Process liquid at reboiler exit (Table 2) : 
Furfural composition of liquid at reboiler entrance (Table 2) 87.97 mole % 


Furfural composition of liquid at reboiler exit (Table 2) ..--97.12 mole % 
Furfural composition of vapor at reboiler exit (from above) --- 166 mole % 


87.7 Ib.moles/hr. 


Writing the equation that the total moles of furfural entering the reboiler equals the 
sum of the moles of furfural leaving the reboiler as vapor plus the moles of furfural 
leaving as liquid, and letting V total moles of vapor leaving the reboiler 


(87.7 + V) (0.8797) = (V) (0.166) + (87.7) (0.9712) 


Vapor leaving reboiler 11.2 Ib.moles/hr. 
Process liquid entering reboiler = 87.7 + 11.2 = 98.9 Ib.moles/hr. 
Volume of process fluids at reboiler exit 
Vapor volume 
Vapor leaving reboiler : 11.2 Ib.moles/hr. at 295° F. and 40.0 th./sq.in. gage pressure 
Compressibility factor of vapor (79) 0.945 
Volume of vapor leaving reboiler 


(11.2) (359) (0.945) (755/492) (14.7/54.7) = 1530 ecu-ft./hr. 

Liquid volume 
Liquid leaving reboiler : 87.7 Ib.moles/hr. at 295° F. and ave. mole wt. of 92.4 
Density of liquid (Table 3) 1.001 g./ce. 
Volume of liquid leaving reboiler 


(87.7) (92.4) /(1.001) (62.4) = 13.01 eu.ft./br 


Ratio of gas to liquid volume at reboiler exit 1530/13.01 = 118 
Heat input supplied by steam to process fluid 
Steam flow rate (Table 2) ............... 
Enthalpy of steam entering reboiler at 329° 
Enthalpy of stesm co 
sq.in. gage (14) ... ss 278 B.t.u./tb 
Total heat lost by steam in 834 (1195-278) 764,000 B.t.u./he 
Heat lost from reboiler shell and heads by convection and radiation 
to atmosphere (based on thermal conductivity of insulation of 
0.040 B.t.u./ Chr.) (sq.ft.) (° F.)/(it.) and free convection and 
radiation coefficient of 2.0 B.t.u./(hr.) (sq.ft.)(° F.) for insulated 
surfaces and 4.0 B.t.u./(hr.) (sq.ft.)(° F.) for bare metal sur- 
‘et heat transferred by steam to process fluid 764,000 — 5,490 
Per cent of steam input heat lost by radiation and free convection to 
atmosphere ..... 0.7 % 


834 Ib./hr. 


1,195 


5,490 B.t.u./hr. 
759,000 B.t.u./hr. 


Heat input gained by process fluid through reboiler 


This calculation was made using the enthalpies of Table 3, by subtraction of enthalpy 
of feed from total enthalpy of the exit streams. Heats of mixing of the gases were 
neglected. In tabular form, for the sample run 


Plow Rate, Enthalpy 
Exit Streams: Ib moles B.t.a./lb 
Component hr. mole 


Total Heat, 
B.t.a./hr. 


Liquid solution a7 956,000 
Furfural vapor 1 . 56,800 
Isobutane vapor 2 $1,800 
1-Butene vapor 7 112,200 


Peed 


1,156,800 B.t.u./br. 


98.9 4,150 411,000 411,000 


Difference 


Liquid solution 


745,800 B.t.a./hr. 
Heat input gained by process fluid, 5,400 B.t.u./hr 
Per cent deviation from heat lost by steam to process fluid, 1.7% low. 


Over-all log mean temperature difference 
At, (top of reboiler) — 308 — 297 
(bottom of reboiler) — 308 — 135 
_ Anh—At 173 — 11 


2.3 log At,/At, ~ 2.3 log 173/11 


Over-all heat-transfer coefficient 
Inside heat-transfer area (Table 1) .. 
Over-all heat-transfer coefficient, 
U = Q/AAtm = 759,000/ (245) (59.6) = 52.0 B.t.u./(hr.) (sq-ft.) (*° F.) 
Mass velocity inside tubes: 
Mass rate of flow (from above) .... 


= 59.6° F. 


98.9 Ib.moles/hr. 

92.4 Ib./Ib.mole 

.. 0.303 sq.ft 

G = (92.4) (98.9) /0.303 = 30,100 Ib./ (hr.) (sq. ft.) 


Mass velocity, 
Boiling film coefficient : 
he, combined steam film, metal wall, and fouling re- 
h, boiling film coefficient, 


2000 B.t.u./(hr.) (sq-ft.) F.) 
(1/U — l/h.) 

= 1/(1/52.0 — 1/2000) 

== 53.2 B.t.u./(hr.) (sq.ft.) (* F.) 


Calculation of dimensionless groups. Dimensionless groups are evaluated for liquid at 
mean liquid composition and mean liquid bulk temperature. 


Mean liquid composition : 
Inlet liquid composition (Table 2) ... -++++- 12.03 mole Cy hydrocarbon 
Outlet liquid composition (Table 2) ................. 2.88 mole % Cy hydrocarbon 
Mean liquid composition (12.03 4+ 2.88)/2 = 7.46 mole Cy, hydrocarbon 


Mean liquid bulk temperature 
By Eq. (3), R = Ath/Ats = 173/11 = 15.7° F. 
Assume C in Eq. (2) = 2 
By Eq. (2), F = 0.62 
By Eq. (1), t.., the mean liquid bulk temperature = F(t, — 4) + 4, = 0.62(297 — 135) 
+135 = 235° F, 
(lf C had been assumed equal to 3, tn = 232° F.; if ta had been assumed equal to 
(ti + te) /2, tn 216° F.) 


Prandtl Number, Ne, (Table 3) 
Nusselt number, 4D/k 
.. 0.0486 ft. 
0.1525 B.t.u./(hr.) 
(sq.ft.) (* F.)/(it.) 
hD/k = (53.2) (0.0486) /0.1525 = 17.0 
Reynolds number, 
Viscosity of liquid, (Table 3) ............... 
DG/u = (0.0486) (30,100) / (0.454) (2.42) = 1330 
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equation of Colburn (8) for heating 
fluids inside horizontal tubes in viscous 
flow. Computed values of the resulting 
coefficients of heat transfer are plotted 
as points on Figure 3. On the same 
figure predicted curves (8) are given 
for viscous flow inside tubes where 
natural convection effects are appre- 
ciable. The parameter on Figure 3, 
L/(D¢), represents the length to 
diameter ratio of the tube divided by a 
factor @ which takes into,account natural 
convection effects and which has a value 
of 23.5 for these runs. The predicted 
line appears to correlate the data in a 
satisfactory manner except that no 
sharp break in the experimental points 
at the transition region between viscous 
and turbulent flow was obtained. The 
agreement obtained between predicted 
and experimental results confirms the 
experimental methods and _ physical 
property data employed. The absence of 
fouling predicted by the Wilson plot 
curves of Figure 2 for the boiling runs 
is also confirmed by these data. A sar 
ple calculation for nonboiling run C-3 
is outlined below : 


the same position on the graph. Rather, 
it appears that the volume of vapor pro- 
duced is the principal factor controlling 
the increase in performance, so that the 
total pressure must be considered, as 
well as the fraction vaporized. Thus 
the runs in which 5 mole % of the feed 
was vaporized at 2 atm. total pressure 
produced about the same volume of 
vapor as the runs in which 10 to 12 
mole % of the feed was vaporized at 
4.3 atm. total pressure. It would appar- 
ently be more consistent to express re- 
sults in terms of a parameter V/L, de- 
fined as the ratio of the volume of vapor 
produced to the volume of liquid re- 
maining at the reboiler exit. Since the 
amount of vaporization along the tube 
length was not determined, correlation 
of results in terms of the exit vapor to 
liquid ratio was necessary. 

A general correlation of the boiling 
film coefficient of heat-transfer results 
involving some modification of the ac- 
cepted heat-transfer equations would 
appear desirable. Since at most only 
12 mole % of the liquid was vaporized 


Calculation of the heat-transfer coefficients was carried out similarly as the example for 
run /E-33, except that results were also computed by using an over-all arithmetic mean 
temperature difference, Af,., to be consistent with the Colburn correlation (8) 


At. = (At, + At) /2 = 


Dimensionless groups. These were evaluated 


(173 + 11)/2 = 92° F. 


at the mean film temperature, t,, which was 


taken to be greater than the mean bulk temperature of the liquid by one-fourth the differ- 


ence between the mean bulk temperature and 


Mean bulk temperature, f«, by methods illustrated above. 
te, assumed equal to the saturation | 


Wall temperature, 
temperature of the steam (Table 2) 
Mean film temperature, 
tr = ta + (te — tn) /4 = 
j-factor, (h/cG) (Ner-)* 
Film coefficient, h, based on At,, (Table 4) 


Liquid heat capacity at mean film temperature (Table 
3) 


Mass velocity inside tubes (Table 4) 
Prandtl number, Nr, (Table 3) 
j-factor, (h/cG) 


the wall temperature 
.179° F 


179 +- (244 — 179) /4 = 195° F 


35.7 B.t.u./(hr.) (sq.it.) (° F.) 


...-0.424 +t, 


(35.7) (4.94) % / (0.424) (48,150) = 0.00508 


Reynolds number, 


V ae of liquid at mean film temperature, (Table 


Rey number, 


0.0486) (48,150) / (0.68) (2.42) = 


Results 


Experimental boiling coefficients of 
heat transfer are plotted in Figure 4 as 
a function of the mass velocity inside 
the tubes. Plotted beside each experi- 
mental point is the mole fraction of 
entering feed which is vaporized. Also 
plotted on this figure are the nonboiling 
data for the heating of pure furfural. 
It is seen from this figure that at any 
value of mass velocity the coefficient of 
heat transfer is increased when boiling 
is present. The amount of the increase 
in the boiling coefficient is not a simple 
function of the fraction vaporized, how- 
ever, since the points for approximately 
5 and 10 mole % vaporized lie in about 
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0.68 cp 
1297 


due to the presence in the liquid mixture 
of large amounts of relatively non- 
volatile furfural, the full degree of tur- 
bulence associated with free boiling of 
a pure substance was probably not pre- 
sent. Also, although the liquid entered 
at its bubble point in the boiling runs, 
vaporization of the small amount of C, 
hydrocarbons present raised the boiling 
temperature by 100° to 150° F. Thus 
only around 25% of the total heat trans- 
ferred actually was used to effect vapor- 
ization ; the remainder was used to raise 
the temperature of the unvaporized 
liquid. This means that the magnitude 
of the coefficient of heat transfer prob- 
ably was not entirely controlled by the 
boiling process, but could perhaps be 
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correlated by some modification of the 
usual relationship for heat transfer to 
single-phase fluids. The need for modi- 
fication would no doubt exist since local 
boiling effects could be great enough to 
induce turbulent flow characteristics in 
all the liquid in the tubes even though 
Reynolds numbers were mostly below 
2000. 

The accepted equation for the ordi- 
nary case of heating single-phase tur- 
bulent fluids inside tubes (75) is given 
by 
(4D /k) = 0.023(DG/p)?* 

(3) 
This equation is plotted as a dashed line 
in Figure 5, where it has been extended 
down into the region below Np, = 2000 
where most of the experimental data lie. 
Plotted on the same figure are the ex- 
perimental points of this study, with the 
vapor-liquid volume ratio at the reboiler 
exit introduced as parameter beside each 
point as just discussed. In Figure 5, 
the physical properties of viscosity, 
thermal conductivity, and heat capacity 
were evaluated as liquid properties at 
the average composition of the liquid 
and at the mean bulk temperature of the 
liquid as computed by Equations (1-4). 

The Nusselt-type correlation was 
chosen since mass velocity appears as a 
variable only in the Reynolds number, 
and, as will be shown later, a modifica 
tion of the mass velocity is required to 
locate the final parameter lines on 
Figure 5. The more commonly used 
j-factor vs. Reynolds number type of 
plot (75) contains the mass velocity as 
a variable in both the ordinate and 
abscissa variables and thus would be 
less desirable for the present case. 

Since the exact location of the proper 
parameter lines is not too clear from 
Figure 5, a plot was made in which 
the degree of turbulence for each boil- 
ing run was expressed in terms of an 
effective mass velocity, G’. This mass 
velocity is defined as that value required 
to give the same heat-transfer charac- 
teristics as represented by the (hD/k) / 
(cu/k)°* group for the heating of the 
liquid without boiling, as was actually 
obtained for the boiling run considered. 
Obviously the values of G’ for the boil- 
ing runs would be greater than the 
values of G, the actual mass velocity, 
although the two values would approach 
each other as the amount of boiling 
approaches zero. Values of G’ for each 
experimental run were computed as that 
value of mass velocity required by 
Equation (5) to predict the actual value 
of (hD/k)/(cu/k)®* obtained experi- 
mentally. 

In Figure 6 values of G’/G are 
plotted against the vapor-liquid volume 
at the reboiler exit as a means of com- 
paring the increase in turbulence incited 
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vis. 4. Observed ess film heat-transfer coefficients as a 
function of mass velocity. Numbers beside points refer to mole 
per cent of reboiler feed vaporized. 

-Approximately 2 mole % of feed vaporized, 5 Ibs./ 


50 660 $00 2000 


Fig. 5. Final correlation of boiling data. Dashed 
line is an extrapolation of Eq. (5), accepted corre- 
lation (15) for heat transfer to liquids in turbulent 
flow inside tubes without phase change. Solid 


(sq.in.) gage reboiler outlet pressure. 
Approximately 5 mole % of Lt vaporized, 15 (lbs.)/ 


(sq.in.) gage reboiler outlet 


pressur: 
— Approximately 10 mole % of feed ‘capestesd, 40-60 (Ibs./ 


(sq.in) gage reboiler outlet pressure. 
Heating of pure furfural without boiling. (h values based 
on arith. mean At for these runs only). 


by the boiling expressed by the ratio 
G’/G as a function of the vapor-liquid 
volume. From this figure the data ap- 
pear to be well correlated by a straight 
line starting at a vapor-to-liquid-volume 
ratio of zero, with random variations of 
about +10% on either side of the line 
not showing any trend with the various 
operating conditions represented. The 
straight line correlation of the variable 
G’/G with the vapor-liquid ratio shows 
that each parameter line on the log-log 
plot of Figure 5 will be straight and 
parallel to the basic line of Equation (5) 
where the vapor-liquid ratio is zero. For 
example (from Fig. 6) where the 
vapor-liquid ratio is 5, the correspond- 
ing value of G’/G is 1.33. To locate 
a line on Figure 5 with a parameter 
value of V/L = 5, at each chosen value 
of the group (hD/k)/(cu/k)®* the 
ratio of the Reynolds number from 
Equation (5) to the Reynolds number 
for the desired parameter line will be 
the constant, 1.33. If the ratio of the 
two Reynolds numbers is constant at 
any value of (AD/k)/(cpu/k)®*, then 
the horizontal distance between them on 
the log-log plot of Figure 5 will be 
constant, so that each parameter line 
also has a slope of 0.8. This slope indi- 
cates that turbulent flow characteristics 
were present in the reboiler tubes down 
to a Reynolds number of 600, the lowest 
value studied. 
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An alternate treatment of the results 
would be to plot the group (hD/k)/ 
(cu/k)®* as a function of DG’/p with 
G’ defined as above. The term DG’/p 
is equivalent to (DG/p)e%7("/2) since 
the straight line of Figure 6 may be 
expressed by the equation In G’/G = 
0.057(V/L). Such a plot brings all 
the experimental points onto the single 
line defined by Equation (5) with the 
scattering of points about the same as 
obtained in Figure 6. 


Comparison of Results with Data of 
McAdams, Woods, and Heroman (17). 
As mentioned earlier, McAdams, e¢ al., 
measured heat-transfer coefficients for 
the case of vaporizing benzene from 
benzene-oil mixtures inside of horizon- 
tal fube sections. The benzene-oil mix- 
ture used was similar to that employed 
in the present case since it was com- 
posed also of substances of widely dif- 
ferent volatility. Direct comparison of 
their data with those of this study is 
not too satisfactory because the amounts 
of vapor generated in the benzene-oil 
studies were quite large. A comparison 
is shown here, however, for a few perti- 
nent runs. 


The apparatus employed by McAdams, 
et al., was made up from 1-in. diameter 
copper pipe formed into four horizontal 
sections which were connected by return 
bends. Each straight section was 9 ft.-6 in. 
long, and was heated by three steam jackets 
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lines represent even values of the parameter (V/L), 

the reboiler exit vapor-liquid volume ratio. Num- 

bers beside points refer to actual values of this 
parameter. Symbols as on Fig. 4. 


each 3 it.-2 in. long. Measurement of the 
steam used in each jacket permitted calcu- 
lation of the progressive change in heat- 
transfer coefficient from jacket to jacket 
In runs BO-2 and BO-3 the benzene-oil 
mixture entered jacket 2 just as boiling 
commenced, and left the jacket after about 
10 wt. % of the entering feed had been 
vaporized, corresponding to an exit vapor- 
liquid volume ratio, V/L, of 35.6. For 
these two runs, the exact values of G’'/G, 
having the same significance and calculated 
in the same manner as the runs of this 
paper, were equal to 10.0 and 10.7 respec- 
tively. Referring to Figure 6, these values 
of both V/L and G ‘/G are much greater 
than those "experienced in this study, but if } 
the straight line of Figure 6 is extended 
to a value of V/L of 35.6, the resulting 


Fig. 6. Means of ‘locating parameter 
lines of Fig. 5. The increase in per- 
formance during boiling, G’/G, ex- 
pressed as function of parameter (¥'/L), 
the reboiler exit vapor-liquid volume 
ratio. G’ is a hypothetical mass velocity, 
which, when used in the correlation for 
heat transfer to nonboiling liquids in 
turbulent flow inside tubes (Eq.(5)), 
will predict a coefficient of heat transfer 
equal to that actually observed during 
boiling at the true mass velocity, G. 

Symbols as on Fig. 4. 
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TABLE 4.—SAMPLE RESULTS FOR Cs HYDROCARBON-FURFURAL REBOILER 


Run Number 


Logarithmic mean temp. diff., 
Arithmetic mean temp. diff., 
Mean bulk temp., ° F., by Eq (a) 
Flow rates 
Process liquid entering reboiler, 
Process vapor leaving reboiler, |b.moles/hr 
Vapor-liquid volume ratio at reboiler exit . 
Heat transferred, B.t.u./hr. x 
Based on steam rate, corr. for ietiaien 
Based on process fluid nna | rise 
Discrepancy based on stea 
Heat-transfer coefficients, 
Overall coefficient 
Based on log mean At . 
Based on arith. mean At 
Process film coefficient 
Based on log mean At 
Based on arith. mean at es 
Mass velocity of process fluid inside tubes, Ib 


mean bulk temp 
(hAD/k) 
j-factor 


Ratio of effective mass velocity to actual mass velocity es 


predicted value of G’'/G is 8.3. Such agree- 
ment is fairly good considering the extra- 
polation involved. However, it is question- 
able whether the McAdams’ data should be 
predicted by the methods of this paper since 
these methods were derived for cases of 
small vaporization and are based upon 
liquid properties. No data are available 
from the work of McAdams, et al., for the 
case of smaller amounts of vaporization 
than those given here. This is due to the 
fact that all their runs were carried out at 
atmospheric pressure so that even with 
small weights of benzene vaporized, the 
volume of vapor produced was larger than 
any runs of this study where elevated 
operating pressures accompanied large 
weights vaporized. 


Conclusions 


Results of this paper show the order 
of magnitude of the increase in boiling 
coefficients of heat transfer which can 
be expected with increasing vaporiza- 
tion of small amounts of a volatile com- 
ponent from a mixture containing large 
amounts of a slightly volatile compo- 
nent. The vaporization caused an in- 
crease in both the turbulence and in the 
boiling temperature of the remaining 
liquid, the latter effect being so large 
that it required a large fraction of the 
heat being transferred. A correlation of 
the results of this study showed that 
under the conditions of variable total 
pressure the volume of vapor generated 
was the factor affecting increase in the 
coefficient of heat transfer. More fun- 
damental studies in which local boiling 
coefficients are measured along the tube 
length are greatly to be desired to pro- 
vide basic reboiler design information. 
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Notation 


A = area, sq.ft. 
¢ = specific heat 
(° F.) 


B.t.u. / (1b.) 


Ib.moles/br. 


(hr ) (aq ft ) 
Reynolds number inside tubes, based on liq. phys. peepertios at 


_neglec steam 
°F 


30,600 
903 
7.28 


0.0050R8 


(U,— l 2 
internal tube diameter, ft. 
(tm — #1) / (te — ty) 
mass velocity, lb./(hr.) (sq. ft.) 
effective mass velocity, Ib./ 
(hr.) (sq.ft. ) 
film heat-transfer 
inside tubes, 
( sq.ft.) (° F.) 
= combined fouling, steam, and 
metal wall coefficient, B.t.u./ 
(hr.) (sq. ft.) (° F.) 
liquid film transfer 
(h/cG) (Np,)* 
= thermal conductivity, B.t.u./ 
(hr.) (sq. ft.) (° F.) /ft. 
total heat transferred, B.t.u./ 
hr. 
= At, 
reboiler process inlet temper- 
ature, ° F. 
= reboiler process outlet temper- 
ature, ° F, 
= mean film temperature, defined 
tm + (ty — ty) /4, ° F. 
= mean bulk temperature, ° F. 
wall temperature, ° F. 
temperature difference at re- 
boiler inlet, ° F. 
= temperature difference at re- 
boiler outlet, ° F. 
= arithmetic mean 
difference, ° F. 
logarithmic mean temperature 
difference, ° F. 
= over-all coefficient, B.t.u./ 
(hr.) (sq.ft.) (° F.) 
= viscosity, lb./(ft.)(hr.) or ep. 
= Nusselt number, hD/k 
Prandtl number, cu/k 
= Reynolds number, 
Grashof number (8) 
= mole fraction of reboiler feed 
vaporized 
= reboiler exit 
volume ratio 


coefficient 
B.t.u./(hr.) 


factor, 


temperature 


vapor to liquid 
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May 13-16, 1951 


WILLIAM W. NIVEN, JR. 


Midwest Research Institute, Kansas City, Missouri 


MIDWEST Meeting of the 

A.L.Ch.E. will be held in the Heart 
of America on May 13-16, with the 
Kansas City Section playing host. 
Symposia on plant management and 
engineering and on ammonia synthesis 
will highlight the program. Several 
papers will be devoted to petroleum re- 
fining and will range from light hydro- 
carbon recovery to refinery residue 
processes. General subjects to be dis- 


The picture above shows downtown 
Kansas City, Mo., looking north toward 
the business district. The Liberty Me- 
morial and Mall, honoring the heroes 
of World War I, is shown in the near 
foreground, directly south of the Union 
Station, fourth largest in the world. 
Across the Missouri River, in the back- 
ground is the Municipal Air Terminal 
and beyond it the Fairfax Airport, Kan- 
sas City, Kan. 


Courtesy of Trane World Airline 


Vol. 47, No. 3 


Left to right: H. H. Young, chairman, Hotel and Meeting Room Reservations 
Committee; _R. Salsbury, chairman, Printing Committee; H. A. Hopmann, chair- 
man, Plant Trips Committee, and L. E. Colburn, chairman, Registration Committee. 
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cussed on the program include radio- 
active tracers, fractionating trays, heat 
exchange, fluidization, and corn milling 
and refining. 

The broad scope of the program and 
Kansas City’s central geographical loca- 
tion are expected to draw a large at- 
tendance to the meeting. Meeting head- 
will be located in the Hotel 
President. The committee for hotel 
reservations already has been function- 
ing for more than a year to assure ade- 
quate accommodations for guests. 

The May meeting will be a “tooth- 
cutting’ venture for the two-year-old 
Kansas City Section. Establishment ot 
the section in 1949 attests to the extent 
the industrial development has pro- 
gressed in the area. The section pres- 
ently has an approximate membership 
of 80, including about 50 members of 
the national organization. 

Kansas City and adjacent Independ- 
ence, Mo., have played an important roll 
in the history of the West as outfitters 
and final jumping-off points for the 
great western migration of the 1800's. 
Kansas City celebrated its centennial 
anniversary last year. The 1950 census 


quarters 


Below, ag to right: 
mittee; L 


shows a population of 453,000 for the 
city and 808,243 for the metropolitan 
area. 

The agricultural economy of Kansas 
City is primarily that of wheat, corn, 
and livestock. The “bread basket of the 
world” lies immediately to the west, 
with the state of Kansas leading the 
nation in wheat production. The leading 
corn-producing state Iowa, lies immed- 
iately to the north. For the nation, 
Kansas City ranks second in grain- 
elevator capacity, second in flour pro- 
duction, first as a cattle market, and 
second as a railroad center. Its indus- 
trial and commercial activity is illus- 
trated by the fact that it ranks eighth 
in bank clearings, while only seventeenth 
in population. 

From a_ predominately agricultural 
Kansas City and the Midwest 
are going all out for a more opportune 
balance between agriculture and indus 
try. A striking lesson was learned dur- 
ing World War II when it was proved 
on a large scale that the Midwest has 
the resources, facilities, and manpower 
required for heavy industry. Industries 
already well established in the area, in 


economy, 


. S. DeAtley, chairman, Publicity Committee; H. M. Steininger, c 


William Rockhill Nelson 
Gallery of Art and Mary 
Atkins Museum of Fine 
Arts, Kansas City, home of 
a collection containing more 
than seven and one-half 
million dollars worth of 
paintings and objects of art. 


Courtesy of Chamber of Commerce 


addition to those founded on agricul- 
tural materials, include petroleum re- 
fining, synthetic ammonia and ammon- 
ium nitrate, soaps and detergents, salt 
refining, fertilizers, paints and var- 
nishes, metals smelting and refining, and 
many others. New industrial develop- 
ment is progressing rapidly for more 
effective utilization of both agricultural 
materials and natural resources in the 
area. This development is pointed to 
such large-scale resources as liquid hy- 
drocarbons, natural gas, coal, salt, clays, 
gypsum, and zinc and lead ores. 
Progressive chemical engineering de- 
partments at Kansas State College, the 
University of Kansas, and the Univer- 
sity of Missouri, provide for the Kansas 
City area an excellent balance between 
academic and industrial interests. Mid- 
western industry, and particularly those 
inter~sted in the advancement of this 
industry, are fortunate in having avail- 
able in Kansas City the facilities of the 
Linda Hall Library of Science and 
Technology and Midwest Research In- 
stitute. With a current catalogue of 
more than 3,200 technical periodicals 
(Continued on page 42) 
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THE CHEMICAL ENGINEER AND ATOMIC ENERGY 


ALVIN M. WEINBERG 


Research Director, Oak Ridge National Laboratory, Oak Ridge, Tennessee 


S a former theoretical physicist, I 

feel at ease addressing a group of 
chemical engineers, since in my observa- 
tion I detect a striking resemblance 
between these two breeds—both the 
theoretical physicist and the chemical 
engineer are willing to try to do any- 
thing—and both are convinced that they 
can do anything. 

I should like to trace those historical 
and logical threads in atomic energy de- 
velopment which have made the chem- 
ical engineer a key figure in the progress 
of the art; and I shall try further to 
show why I believe that the chemical 
engineer, by attitude and by training is 
the likely heir in the atomic energy 
business, to the mantle which the 
theoretical physicist, ever bent on higher 
and deeper truth—ie., ever with his 
head in the clouds—is in process of let- 
ting fall. I shall confine my remarks 
primarily to the reactor part of atomic 
energy—partly because | know most 
about it, and partly because it is the 
part of the business on whose success 
the whole effort will ultimately stand 
or fall. 

When Eugene Wigner, who by the 
way was trained as a chemical engineer, 
first conceived the notion of a water- 
cooled chain reactor as the appropriate 
type for construction at Hanford early 
in 1942, he soon realized that the slightly 
long-haired and wet-eared theoretical 
physicists (including me) around him 
were hardly practical enough or gener- 
ally knowing enough to make the kind 
of engineering decisions which were 
needed to reduce his brilliant conception 
into practice. None of us had ever seen 
a high pressure pump, let alone under- 
stand how a cooling tower worked. And 
so Lee Ohlinger, a mechanical engineer 
at Standard of Indiana, who by long 
contact with chemical engineers and 
chemists had practically become a chem- 
ical engineer himself, joined the small 
crew on the fourth floor of Eckhart 
Hall in Chicago to help design the 
Hanford reactor. Shortly thereafter, 
Miles Leverett, who had the distinction 
with T. Moore of making the first engi- 
neering design of a high-powered chain 
reactor—the helium cooled system— 
joined the group. It was this small 
group which included three chemical 
engineers that carried out the original 
design of the Hanford reactors. The de- 
sign was worked out in detail by the 
Du Pont Co., and the predominantly 
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chemical cast given to the business by 
Du Pont has persisted ever since. 

That the plutonium project would re 
quire chemists, and also chemical engi- 
neers, was dimly perceived even by the 
physicists who ran the show in the early 
days. For the process of dumping the 
spent slugs and recovering the trans- 
muted Pu evidently involved chemical 
operations and chemical engineering 
problems of a sort made particularly 
sticky by radioactivity and the necessity 
for remote operation. In some sense, 
therefore, it’ was natural that chemical 
engineers were predominantly available 
for the seemingly nonchemical parts of 
the project—the reactor. Many were 
around because of the obviously chem- 
ical problems and when the totally new 
reactor engineering became necessary, 
the chemical engineers who were on 
hand naturally were pressed into service. 

But this is not the only reason that 
chemical engineering is the dominant 
engineering in atomic energy. I think it 
is so also because reactor engineering 
requires a broad synthesis, a knowledge 
of many different kinds of scientific dis- 
cipline, and it is my impression that 
chemical engineers because of their 
training and their conviction that they 
can do anything are among the few 
engineers with breadth of view suffi- 
cient to meet situations as novel as those 
encountered in a high-powered chain 
reactor. 

In a chain reactor the situation is, as 
is generally known, novel indeed. While 
the chain reaction itself is a matter for 
the nuclear physicist, the chain reactor, 
involving chemical and metallurgical! 
materials whose properties are subject 
to stress either from radiation or from 
high temperature, is primarily a chem- 
ical system. In fact, as the demands 
for higher temperatures in chain reac- 
tors increase, the demands on materials 
are bound to increase also and the re- 
quirements for engineers who have a 
feeling for materials are likely to grow 
greater correspondingly. 

Thus to summarize, reactor engineer- 
ing, in its broadest sense, appeals par- 
ticularly to chemical engineers, and is 
appealing to them for the following 
reasons : 


It requires versatility and breadth of 
viewpoint. 

It places demands on materials and 
therefore requires knowledge and 
feeling for materials. 
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3. It always involves chemical operations 
and therefore requires engineers with 
chemical background 


If one examines the current atomic 
energy program it is apparent, and in- 
deed striking, to what degree reactor 
technology is becoming a predominantly 
chemical technology. Of the two major 
long-term objectives of atomic energy— 
production of cheap fissionable material 
with power as a by-product, and ex- 
traction of high-temperature heat from 
a mobile system—both involve chemistry 
in the most crucial manner. Thus the 
production of fissionable material by the 
breeding principle in the Experimental 
Breeder Reactor at Arco, involves the 
most accurate kind of chemical book- 
keeping if more fissionable atoms are to 
be produced than are consumed; while 
the high temperature reactor which is 
being designed for possible aircraft 
application puts the most severe tem- 
perature—and chemical—demands on its 
materials. Additionally, the interest in 
homogeneous reactor systems, if it bears 
fruit, would indeed reduce the word re- 
actor practically to the meaning it has 
in ordinary chemical parlance—a big 
pot in which energy is generated by 
nuclear (rather than chemical) reaction. 

To all intents and purposes, then, re- 
actor technology has become a chemical 
technology, and as the program of re- 
actor building at Arco, and the program 
at Oak Ridge indicate, it has become 
an experimental science. This experi- 
mentalization of reactor development 
appeals strongly to chemical engineers 
who, insofar as I know them, are in 
clined to be a rough and ready lot 
who like to try things out—who are, 
if you like, inevitable optimists. 

The fact that reactor technology has 
become both a chemical technology and 
an experimental technology, should | 
think, place strong pressures on physi 
cists (who never were very practical 
I suppose) to move over and to make 
more room for the chemical engineers— 
in fact should make them more inclined 
to hand to the chemical engineers the 
major burden of reactor development. 

| presume there are theoretically two 
ways to proceed—one to teach the 
physicists chemical technology, the other 
to teach the chemical engineers nuclear 
physics. I am convinced the latter is 
proper—for reactor engineering is an 
engineering science; the physicists too 
often are unhappy, are vaguely dissatis- 


(Continued on page 40) 
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ATLANTIC DEVELOPS 


A CATALYTIC reforming 

produces better quality 
gasoline in greater quantities, was an- 
nounced recently by the Atlantic Refin- 
ing Co., Philadelphia. According to 
Atlantic spokesmen, the success of the 
new process depends upon a new plati- 
num catalyst-carrier combination, and 
the the has been 
proved by the seven-months’ operation 
of a pilot plant which processes more 
than 200 gal. of gasoline a day. More 
than 50,000 gal. of the new gasoline has 
been produced by this method. 

Atlantic, which plans to lease the 
process to other petroleum refiners, is 
building at its Philadelphia refinery a 
large reformer unit which will have a 
capacity of 11,000 bbl. a day. 

Another feature of the reforming 
process is that it will provide an impor- 
tant additional source of benzene, tol- 
uene, and xylene, should the supply of 
these products become critical. Benzene 
has been in short supply and it is an 
important ingredient in the production 
of synthetic rubber, nylon, plastics, etc. 


process 
which 


success of pre cess 


Gasoline Process 


The charge stock for the new cata- 
lytic process may consist of any frac- 
tions of crude naphtha up through nor- 
mal gasoline, natural gasoline, and 
mildly thermally cracked naphthas. Ac- 
cording to the company, the catalyst does 
not require special rerunning facilities 
preceding the reaction section and sulfur 
and normal water concentrations are not 
contaminants. A flow sheet for the 
process is shown in Figure 1. 

Operating conditions in the catalytic 
reactors were said at the conference to 
be 950° F. and 500 Ib./sq.in. pressure, 
with the ranges being between 850° to 


REACTORS 


TABLE 1 


Propertion Preportion 
Before Aft 
Catalytic Catalytic 


Component Reforming Reforming 


Aromatics . 10 
Naphthenes 40 
lsoparaftins 5 
Parafiins 


1000° F. and pressures of 300-700 Ib./ 
sq.in. 

As shown on the flow sheet, the 
charged naphtha is mixed with a re- 
cycled hydrogen stream and heated by 
exchange with reactants coming from 
the catalytic converters. A _ furnace 
brings the reactants to the: proper tem- 
perature and the charge is passed 
through catalyst beds in series with re- 
heaters between the reactors to compen- 
sate for endothermic reheater reaction. 
The effluent is cooled by exchange, as 
explained before, plus additional water 
cooling, and flows to a high-pressure gas 
separator. Here hydrogen of about 
97.98% purity is withdrawn, compressed 
and returned to the reactors as recycle. 
Part of the hydrogen gas is used as fuel. 
The liquid from the separator is then 
passed through a fractionating tower 
for stabilization. 


Catalyst 


According to the company, the cata- 
lyst properties are balanced by operating 
conditions to yield an optimum combina- 
tion of the desired isomerization and 
dehydrogenation reactions while crack- 
ing reactions are held at a minimum. 
This is borne out, it was said, by the 
high purity of the hydrogen recycle 
when operating at extreme conditions in 
reforming. If charge stocks containing 
kerosene are used regeneration may be 
required to remove quantities of coke. 


STABILIZER 


cas To Flow sheet of reform- 
RECOVERY ing process. 
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NEW REFORMING PROCESS 


Regeneration may be done while the 
catalyst is ¢n place. 

The new catalyst will be commercially 
manufactured by the Davison Chemical 


Corp. of Baltimore. 


Production Results 


An East Texas crude naphtha, a 
typical reformer stock, having an octane 
rating of about 55 without tetraethy! 
lead, was raised to 73.6, 79.8, and 85.0 
octane number for each pass. For pro- 
ducing benzene the company also re- 
leased figures for operation on a once- 
through Cy, straight fraction. The orig- 
inal charge contained 26.5% cyclopen- 
tanes, and 29.6% cyclohexane, 36.2% 
paraffins and 7.4% the 
product after processing the cyclopen- 
tane and cyclohexanes were converted 
and the resulting content of the benzene 
went up to 45.8%. Cyclopentane was 
down to 6.8% and cyclohexane down 
to 0.8%. Paraffins were 32.79% and 
toluene 4.9%. C, and C, fractions made 
up the rest. 

A similar result was obtained in the 
production of toluene from a once- 
through operation on a C, fraction 
from crude naphtha. A once-through 
conversion of about 95% of the 
cycloparaffins was achieved and actual 
figures are as follows: the charge stock 
contained, 35% paraffins, 26.2% cyclo- 
pentanes, 28.39% cyclohexanes, no ben- 
zene and 10.2% toluene. In the product 
there was 19% paraffin, 2.1% cyclopen- 
tanes, 0.8% cyclohexanes, 2.4% benzene 
and 26.6% toluene. Other aromatics, C; 
and C, accounted for the remainder. As 
is to be expected in a reforming process, 
the improvement in the raw gasoline 
is made by affecting the paraffin, iso- 
paraffin, naphthene and aromatic com- 
ponents to give better octane products. 
The naphthenes are converted to aro- 
matics by dehydrogenation and the 
paraffins are isomerized to produce iso- 
paraffins. 

The company released the information 
in Table 1 showing the change in raw 
gasoline through the new reforming 
process. 


benzene. In 


Economic Advantages 


At the conference, H. W. Field, vice- 
president and general manager of the 
research and development department, 
and Merrill J. Fowle, director of the 
refining division, made out a strong case 
for the place that the new process will 

(Continued on page 23) 


March, 1951 


A 
3 
: 
| 
28 
‘ 
’ 
_ 
ANO RECYCLE | | | | 
GAS HEATER ( \ | / 
FUEL 
| 
REFORMATE 
= 
Page 20 
4 
: 


FOSTER Corporation 
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Complete Oil Refineries 
and 
Chemical Plants 


— most advanced processing 


Steam Generators in any capacity. 
Condensers... Evaporators 
Feedwater Heaters. . . Cooling Towers 
Water Treating Systems 


Sulfur.Recovery. Edible Oil Treating 
Fatty-Acid Fractionating Units... 
All types of DOWTHERM systems... 


industrial processes 


Foster WH PORATION 


4 x i 
3 165 BROAOWAY, MEW TORK 6, NEW YORE. 
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ATLANTIC REFINING 
(Continued from page 20) 


have in the petroleum field. At present, 
the fuel will probably be used for either 
aviation gasoline or blended in with 
other gasolines for the present motors 
of today’s cars. It is possible to get a 
98 octane rating with the reformed ma- 
terial through the use of tetraethyl lead. 

According to the company spokesman, 
the improvement in gasoline production 
is such that if the entire American 
oil industry used the process, 2,000,000 
more motor cars would be able to 
operate from the same amount of crude. 
Under today’s existing conditions, ac- 
cording to the company, with catalytic 
cracking and thermal reforming, a 92 
octane number gasoline is possible with 
a 45% yield, whereas with the use of 
cracking and the new catalytic reform- 
ing process octane numbers of 98 are 
possible with 48.4% yields. Since the 
company figures that the economy fac- 
tor is 18% better, a combination of the 
two processes will yield a 27% over-all 
better performance on the petroleum 
being used today. 

Also, the company has its eye on the 
future motor car industry, and a demon- 
stration with a test car, which had a 
compression ratio of 10:1, showed the 
new fuel to be satisfactory in its opera- 
tion since it did not cause knocking. In 
addition, the company also pointed out 
that high octane aviation gasoline may 
become extremely important, and this 
process was able to produce it in large 
quantities. If a limited supply of lead 
reduces the supply of tetraethyl lead, 
the effect on gasoline quality will not 
be as great if the high octane gasoline 
fuel is available. If the new reforming 
process were used by the entire Amer- 
ican oil industry, the company claimed, 
daily production of an _ additional 
3,400,000 gal. is possible. 


PENNSALT COMPLETES 
ALA. CHEM. PLANT 


The Pennsylvania Salt Manufactur- 
ing Co.’s new plant for formulating in- 
secticide concentrates and finished 
insecticide products at Montgomery, 


Ala., has been completed and is now in - 


production. 

The plant, Pennsalt’s first in the 
Southeast, also includes a new district 
sales office of the agricultural chemicals 
department to serve southeastern agri- 
culture. J. Drake Watson is district 
sales manager and R. ©. White is plant 
superintendent. 


FELLOWSHIPS CONTINUED 
BY PAN AM. REFINING 


Pan American Refining Corp. recently 
announced that its previous policy of 
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R. H. McCKEE HONORED BY UNIVERSITY OF MAINE 


“In recognition of his initiating and establishing the first college course of 
pulp and paper technology in the country at the University of Maine,” the Uni- 
versity of Maine Pulp and Paper Foundation presented R. H. McKee, consulting 
chemical engineer of New York, its 1951 Honor Award. The award, first of its 
kind made by the Foundation, was presented at the annual meeting of the Uni- 
versity of Maine Pulp and Paper Alumni at a luncheon at the Biltmore Hotel, 
N. Y., Feb. 23. This Foundation, launched just a year ago is designed to provide 
financial assistance to undergraduates taking the five-year program in operational 
management iri the pulp and paper field. Mr. McKee is shown above accepting 
the award from J. L. Ober, vice-president of Scott Paper Co., Chester, Pa., who 
was recently named chairman of the executive committee of the Foundation. 
Dr. McKee’s career has covered industrial and teaching assignments. His teaching 
career included posts at Wooster, Carthage, Lake Forest and Maine. He was 
professor of chemistry and chemical engineering at the University of Maine from 
1909-16 and professor at Columbia University from 1918-39. 


granting study fellowships was to be 
continued during the academic year 
1951-52. Pan American's primary pur- 
pose in granting these fellowships is to 
provide funds for basic research in the 
general fields of chemistry and chemical 
engineering. 

Fellowships in chemical engineering 
are being continued at the University of 
Illinois, Massachusetts Institute of 
Technology and Rice Institute, the com- 
pany stated. 


SAFETY STANDARDS ASKED 


Groups concerned with the manufac- 
ture, distribution, and use of anhydrous 
ammonia and ammonia solutions re- 
cently recommended that the American 
Standards Association organize a com- 
mittee to develop safety standards. At 
a conference, these groups proposed 
that the work cover design, construction, 
location, installation, and operation of 
anhydrous ammonia systems as well as 
transportation and storage of anhydrous 
ammonia and ammonia solutions. Am- 
monia manufacturing plants, refrigerat- 
ing, and air conditioning systems would 
not be included. 
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Problems of handling and storing an 
hydrous ammonia have assumed nation- 
wide importance because of the increas- 
ingly widespread use of this gas as a 
soil fertilizer. Since anhydrous am- 
monia is usually transported in liquid 
form under pressure in tanks or cylin- 
ders, the relation between the strength 
of the tank and the pressure and tem 
perature under which the gas is handled 
will be one of the problems to be given 
careful consideration. 

The need for this work was called to 
the attention of the A.S.A. by the Com- 
pressed Gas Association which has of 
fered its standards for the storage and 
handling of anhydrous ammonia and 
ammonia solutions for the committee's 
use. The conference recommended that 
the Compressed Gas Association be 
asked to sponsor this work. 

The recommendations of the confer- 
ence will be referred to the Safety Code 
Correlating Committee of the A.S.A. 
for final decision as to whether a com- 
mittee will be set up under A.S.A. pro- 
cedure. 

Groups represented at the conference 
included the American Institute of 
Chemical Engineers. 
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F. J. CURTIS WILL 
RECEIVE C.C.D.A. HONOR 


Francis J. Curtis, Past President of 
the American Institute of Chemical En- 
gineers (1949), has been selected to re- 
ceive the Honor Award for 1951 of the 
Commercial Chemical Development 
Association. Mr. Curtis will receive the 
award scroll at the annual meeting ban- 
quet to be held at the Roosevelt Hotel 
in New York March 21. The subject 
of the recipient’s address will be “The 
Making of a Manager.” 

Currently vice-president of Monsanto 
Chemical Co., and director of industrial 
preparedness for the company in Wash- 
ington, D. C., Mr. Curtis, a Harvard 
graduate, was affiliated with the Merri- 
mac Chemical Co., from 1915-30. From 
1935-39 he was assistant director of de- 
velopment, Monsanto Chemical Co. and 
subsequently became development direc- 
tor, and vice-president in 1943. Mr. 
Curtis has been active in the affairs of 
the A.I.Ch.E. and has served on many 
committees and as Director. 

The C.C.D.A. award was established 
by the Association to provide annual 
recognition of an individual who has 
made outstanding contributions to the 
commercial chemical development field. 

The general subject of the meeting 
will be “The Effect of Government 
Regulations on Commercial Chemical 
Development.” The primary objective 
of the meeting is to effect a better un- 
derstanding of both industry’s and gov- 
ernment’s position in this matter. Re- 
presentatives of government and indus- 
try are scheduled to speak. 


GOODRICH FORMS 
JAPANESE SUBSIDIARY 


Arrangements have been concluded 
between several large Japanese indus- 
trial firms and B. F. Goodrich Chemical 
Co. for a newly formed company, Jap- 
anese Geon Co., Ltd., to construct facili- 
ties in Japan for the manufacture of 
Geon polyvinyl chloride, it was an- 
nounced by W. S. Richardson, presi- 
dent. 

Mr. Richardson said that formation 
of the new company had been approved 
by the Japanese Foreign Investment 
Commission and the Supreme Com- 
mander of the Allied Powers General 
Douglas MacArthur, and construction 
would begin soon. Engineering design 
of the new plant, and manufacturing 
techniques, will be furnished by B. F. 
Goodrich Chemical Co., he added. 

Principal stockholders in addition to 
B. F. Goodrich are three important 
Japanese corporations—The Furukawa 
Electric Co., Ltd., Nippon Light Metal 
Co., Ltd., and The Yokahama Rubber 
Co., Ltd., all of Tokyo. 
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F. J. CURTIS 


The new polyvinyl chloride plant, lo- 
cated at Kambara, approximately 65 
miles from Tokyo on Suruga Bay, will 
be staffed completely by Japanese. 

Engineers of B. F. Goodrich Chem- 
ical Co, are to leave shortly for Tokyo 
to direct construction and initial opera- 
tion. 


COLLYER WANTS MORE 
RUBBER CAPACITY 


John L. Collyer, president of The 
B. F. Goodrich Co., and former special 
director of rubber programs for the 
government, has urged that the govern- 
ment authorize immediately the building 
of plants to add 200,000 tons per year 
to the supply of general purpose Amer- 
ican rubber. 

Mr. ‘Collyer said that this action is 
needed to deal promptly with situations 
created by the National Defense Mobili- 
zation Program and pressures which are 
needlessly costing the American people 
tens of millions of dollars a year. 

He said that his recommendation was 
based on the following facts: 


1. By vote of Congress, the government 
has retained a monopoly in the production 
of American rubber. It is carrying the full 
responsibility for providing supplies which 
are adequate to meet the needs and protect 
the interests of the American people. 

2. As a part of the mobilization pro- 
gram, government is engaged in accumu- 
lating crude rubber for stockpiling purposes. 

3. Buying for the stockpile is a serious 
problem now because of unusual purchases 
of natural rubber being made by other 
nations, including Russia and Communist 
China. 

4. Our military plans are presumed to be 
based on the premise that in the event of 
war with Russia little or no crude rubber 
which is needed for the manufacture of 
large truck and bus tires would reach our 
shores. In such an event, moreover, the 
United States would be called upon to sup- 
ply enormous quantities of rubber 
rubber products to our Allies. 

5. The only apparent reason for increas- 
ing further the government stockpile of 
crude rubber is this desire to be assured 
of adequate supplies at some time in the 
future. The stockpile already is adequate 
te supply the military and essential civilian 
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needs of the United States alone for a 
5-year_war. 

6. Current demand for crude rubber— 
reflecting consumption stockpiling 
needs and active speculation—exceeds the 
available supply. This is proven by the 
fact that crude rubber is selling at 70 cents 
a pound compared to 20 cents at the be- 
ginning of 1950. 

7. This increase of 350 per cent in price 
means that the American people are paying 
tens of millions of dollars more a year for 
rubber products than is justified. 

8. Increase of 200,000 tons capacity for 
the production of American rubber, author- 
ized immediately by the government, would 
relax the necessity for large-scale purchases 
of additional crude rubber for stockpiling, 
at inflated prices. 

Mr. Collyer pointed out that the world 
supply of crude rubber and American 
rubber in 1951 may reach 2,500,000 tons 
unless there is interference with the 
productions and shipment of crude rub- 
ber from the Far East. Normally this 
should be adequate to meet world con- 
sumption needs, he said. 

Present capacity for the production 
of American rubber is 925,000 tons, and 
Mr. Collyer said that output is now at 
the rate of 700,000 tons, with capacity 
operation expected to be achieved by 
April. 


CAUSTIC SODA PLANT 
FOR MATHIESON 


Mathieson Alabama Chemical Corp., 
a new, wholly owned subsidiary of 
Mathieson Chemical Corp., will build a 
chlorine and caustic soda plant near 
Mobile, Ala., according to an announce- 
ment made by Thomas S. Nichols, presi- 
dent of both organizations. 

Engineering has been completed for 
the new plant which will be located on 
a 500- to 1000-acre site at McIntosh, 
in the southern part of Washington 
County, approximately 40 miles north 
of Mobile. The new company plans to 
utilize salt from the McIntosh Salt 
Dome to supply salt brine, a necessary 
raw material for the manufacture of 
chlorine and caustic soda. Expected to 
be in operation by early 1952, the new 
plant will use the Mathieson stationary 
mercury cell process. 

The new corporation's plant will be 
built by the chemical plants division of 
Blaw-Knox Construction Co., Pitts- 
burgh, Pa. Electricity will be supplied 
by the Alabama Power Co. 

Mathieson officials estimate that the 
plant will require approximately 100 
employees when in full operation. 

Officers of the new corporation are 
Thomas S. Nichols, president; John C. 
Leppart, executive vice-president; C. F. 
Prutton, vice-president; Stanley de J. 
Osborne, treasurer; J. V. Joyce, comp- 
troller, and R. I. Galland, secretary. 
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Extra Value 
for Esso 


This MEK Dewaxing Unit, recently completed at Bayonne, 
N. J., for Esso Standard Oil Company, is the largest and 
newest of three such units which Badger has recently designed and 
constructed for Esso and an affiliated company. Improvements and 
modifications in each successive unit have provided extra values for 
Esso, in lower initial cost, earlier completion, more economic opera- 
tion and easier maintenance. 
Badger’s broad experience in the design and construction 
of every type of petroleum and chemical unit 
means extra value for all Badger 
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A new boiler installation of the National Tube Co. at McKeesport, Pa., is 
using gas-wasting and electrostatic precipitation of combustion products in an 
effort to reduce atmospheric contamination. Designed to produce a minimum of 
fume and solids in waste gases, the new boilers are fired with gas from this 
U. S. Steel plant’s four blast furnaces, with pulverized coal as an auxiliary fuel. 

An average of 17,400,000 cu.ft. of gas/hr. is produced by the four blast furnaces. 
Of this t, approxi ly 69%, or 12,000,000 cu.ft. is available for use in the 
new boiler house. Gas cleaning is accomplished in two gas washers and two 
electrostatic precipitators. A main 9 ft. in diameter conducts the gas from the 
furnaces to the washers. Based on a capacity of 230,000 cuft. of gas/min., the 
washers reduce the dust content to 0.25 gr./cuft. by passing the gas through 
multiple fine sprays of water. From the washers the gas passes to two double- 
compartment precipitators which reduce the dust content of the gas to 0.01 gr./cu.ft. 

The dust in the precipitators is washed away constantly and flows by gravity 
to a 90-ft. diameter multiple-trough thickener. The sludge effluent from the wet 
washers is pumped to this same thickener. The settled solids from the thickener 
are pumped directly to a drum-type vacuum filter which can produce 172 tons 
of filter cake in 24 hr. This cake, with a moisture content of 25%, is scraped from 
the drum and dropped directly into cars for removal to the ore stock pile for 
recovery by sintering. 

Gases and fly ash emanating from coal are controlled by dust collectors 
designed to meet the requirements of the new Allegheny County (Pittsburgh and 
environs) Smoke Control Ordinance. The ash-handling system is of the con- 
ventional-vacuum-type with a capacity of 20 tons/hr. It collects from ash hoppers, 
boiler soot hoppers, dust-collector hoppers, and stack hoppers, and delivers into 
a 100-ton capacity silo through a cyclone and air washer. Ashes from the silo 
are discharged into either trucks or cars by a dustiess unloader. 


CONFERENCE SCHEDULED 
ON RADIOISOTOPES 


Energy Commission and president of 
Case on leave of absence, will address 
the dinner meeting of the conference 


Radioisotopes in industry will be the 
subject fo a five-day conference to be 
held on the Case Institute of Technology 
campus in Cleveland, Ohio, April 2-6, 
presented in cooperation with the 
: Atomic Energy Commission. 

The purpose of the conference, which 
is the first of its type for industry, is 
to encourage a safe and wider industrial 
use of radioisotopes, according to John 
R. Bradford of the Radioisotopes Labo- 
ratory at Case, director of the program. 

Faculty members of Case’s depart- 
ments of physics and of chemistry and 
chemical engineering will be supple- 
mented by 11 visiting lecturers in the 
presentation of the program. Dr. T. 
Keith Glennan, member of the Atomic 


April 5 discussing the Atomic Energy 
Commission and Industry. 

The conference fee of $50 includes 
the ten regular sessions of the confer- 
ence and tickets to the dinner and five 
luncheons. Copies of the program and 
registration forms may be obtained by 
writing to John R. Bradford, Radioiso- 
topes Laboratory, Case Institute of 
Technology, Cleveland 6, Ohio. 

The detailed program follows: 


April 2—/ntroduction to Nuclear Theory 
—Robert S. Shankland, head, department 
of physics, Case Institute; Nuclear Reac- 
tions—John R. Bradford, Case Institute; 
Atomic Energy—Uses and Benefits—N. H. 
Woodruff, isotopes division, Atomic En- 
ergy Commission, Oak Ridge, Tenn. 
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April 3—Radivisotepe Production and 
Separation—A. F. upp, superintendent, 
radioisotope development department, Oak 
Ridge National Laboratory; Measurement 
and Characterization of Radiation—Erwin 
F. Shrader, professor department of 
physics, Case Institute; /nteraction of Rad- 
tation with Matter—Earl C. Gregg, Jr.. 
professor, department of physics, Case Insti- 
tute; Biological Effects of Radiation—H. 
L. Friedell, M.D., director, department of 
radiology, Lakeside Hospital, Western Re- 
serve University. 


April 4— Radiation Protection — Otto 
Glasser, M.D., head, department of bio- 
physics, Cleveland Clinic Foundation; 
Medical Uses of Radioisotopes—H. L. 
Friedell, M.D.; Radioisotopes in Physical 
and Chemical Research—G. D. Calkins, re- 
search engineer, Battelle Memorial Insti- 
tute, Columbus, Ohio; Planning a Tracer 
Experiment—Rex Fluhardy, Oak Ridge 
Institute of Nuclear Studies. 


April 5—Pitfalls of a Tracer Experiment 
—Kex Fluhardy; Radioisotopes in Indus- 
try—Charles Kosenblum, head, radioiso- 
tope laboratory, Merck & Co., Rahway, 
N. J.; Typical Radiochemical Laboratories 
—Tom if Lanahan, S. Blickman, Inc., 
Weehawken, N. J.; Instrument Problems 
of the Radiochemical Laboratory—V. L. 
Parsegian, director, division of technical 
advisers, New York Operations Office, 
Atomic Energy Commission; Dinner Meet- 
ing, The Atomic Energy Commission and 
Industry—T. Keith Glennan, commissioner, 
Atomic Energy Commission, and president, 
on leave of absence, Case Institute of Tech- 
nology. 


April 6—Decontamination and Waste 
Disposal—C. C. Ruchhoft, chief, physics 
and chemistry section, research and devel- 
opment branch, Environmental Health Cen- 
ter, U. S. Public Health Service, Cincin- 
nati, Ohio; Industrial and Safety Problems 
Associated with Radioisotopes—Rule Strat- 
ton, chemical engineer, The Travelers In- 
surance Co., Hartford, Conn.; The /sotope 
Distribution Program—N. H. Woodruff; 
Panel Discusion: general question and 
answer period. 


A.E.C. STATEMENT ON 
INDUSTRY PARTICIPATION 


Following is the text of the recent 
statement by the Atomic Energy Com- 
mission on means of widening industrial 
participation in atomic energy develop- 
ment. 


In recent months the Commission has re- 
ceived proposals from two industrial groups 
expressing willingness to bring their tech- 
nical resources into the atomic energy pro- 
gram under somewhat different arrange- 
ments, in which a large share of initiative 
and responsibility would rest with the in- 
dustrial group. 

Both of these groups would study the 
feasibility of developing and operating 
nuclear reactors for the production of 
plutonium and with the ultimate goal of 
producing electric power. One proposal was 
presented by Mr. C. A. Thomas, executive 
vice-president of the Monsanto Chemical 
Company; the other by Mr. J. W. Parker 
of the Detroit Edison Company and Mr. 
M. E. Putnam of the Dow Chemical Com- 
pany. 


(Continued on page 28) 
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APPROACH TO 


One of the more recent developments in a modern ; 
distillery is the continuous cooker. Grain, water _ 
and stillage flow to the cooker in automatically — 
ratioed quantities . . . temperatures, pressures and ~ 
levels are also precisely controlled . . . and the entire 
operation is synchronized by Brown Instruments 
located on a central panelboard. 


This continuous cooker marks another step for- 
ward in the trend toward continuous processing in” 
distillery operation. 


When looking for recording and controlling instru-— 
ments for your distilling operations, or for any® 
chemical process—consider first: 


*The Brown know-how developed through many 
years of application experience in the industry. 
* The completeness of the Brown modern approach 


—recorders, controllers, panelboards, valves, 
and all accessories. 


Write for Instrumentation, Vol. 5, No. 2, for descrip- 
tion of an automatic grain feeding system. 


Call in our local engineering representative for a 
detailed discussion of your process requirements . . . 
he is as near as your phone. Offices in more than 80 
principal cities of the United States, Canada and 
throughout the world. MINNEAPOLIS-HONEYWELL 
Recutator Co., Industrial Division, 4427 Wayne 
Ave., Philadelphia 44, Pa. 
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VOLATILE LIQUIDS 


— Under a Low Net Positive Suction Head (NSPH) - 
— Under a High Vacuum 
— Without Air or Vapor Binding 


When handling volatile liquids under a very low Net Positive Suction Head— 
from evaporators, for example — a horizontal pump is apt to become vapor-bound. 
Air or vapor binding is impossible if you install the Lawrence Vertical Top Suction 
Pump illustrated above. Extremely high vacuums are maintained by filling the space 
around the packing box with water or some other sealing liquid. The costly delays 
and shutdowns resulting from vapor binding and loss of vacuum are completely 


‘eliminated. 


Lawrence Vertical Top Suction Pumps can be furnished 


in special resistant metals and alloys to handle the most 
corrosive and abrasive acids and chemicals. 


Send for Bulletin 203-4 for com- 
plete summary of acid and 
chemical pump date. 


LAWRENCE 


MACHINE & PUMP CORPORATION. 
375 MARKET STREET, LAWRENCE, MASS. 
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A.E.C. STATEMENT 
(Continued from page 26) 


These proposals appear to offer not only 
an opportunity for bringing new technical 
and ‘management resources into the atomic 
energy program ; they also are oriented to- 
ward important Atomic Energy Commis- 
sion objectives—the production of pluton 
ium and other important materials, together 
with power, in a reactor; and they may 
ultimately lead to arrangements where, be 
cause initiative is with industry, additional 
incentives for rapid and aggressive technical 
and business development will exist. 

The Commission has discussed these pro- 
posals with the men whose vision created 
them, and has suggested conditions under 
which it would be willing to go forward 
with the first step involved in each proposal 
—a study of its reactor development pro- 
gram by qualified technical groups from the 
industrial concerns involved. These groups 
are visualized as consisting of ten to fifteen 
individuals. 

The following general policy guided con- 
sideration of these proposals : 

The Commission will undertake coopera- 
tive activities with industrial concerns or 
groups of concerns to explore possibilities 
for their participation—on their own ini- 
tiative, using their own resources—in devel- 
opment of applications of atomic energy 
for power purposes in such manner and 
extent as to insure: (1) maximum atten- 
tion to the atomic energy production pro- 
gram in all its phases; (2) special effort 
being placed on those matters that will be 
productive in the relatively near future 
(one to three years) ; (3) the application of 
the best available brains to all the important 
problems of the Commission. 

To guide the general manager and staff 


in considering further proposals in this field 


from industrial concerns or groups, the 
Commission has specified that those sub- 
mitting such proposals should put forth > 
well-defined set of objectives for their pru 
posed study, should be financially responsi- 
ble and equipped with a staff of adequate 
qualifications and size, and should under- 


| take to submit a report including detailed 


findings and recommendations at the con- 
clusion of the study. These reports would 
be disseminated at the discretion of the 
Commission to the extent consistent with 
security. 

The Commission has also directed that 
no commitment be made at this time to 
continue beyond the study phase. If satis- 
factory arrangements can be made for pro- 
ceeding with these studies, the Commission 
will make available to properly qualified 
and cleared persons existing information 
and a reasonable share of the time of 
Commission personnel. 


Following closely on the A.E.C.’s an- 
nouncement Monsanto Chemical Co. an- 


| nounced it was ready to go ahead with 


a study of the feasibility of developing 
and operating nuclear reactors for the 
production of plutonium and with the 
ultimate goal of producing electric 
power. 

The company made its position known 
in a letter from Charles Allen Thomas, 
executive vice-president, to H. D. 
Smyth, acting chairman of the A.E.C. 

In the letter to Dr. Smyth, Dr 
Thomas said Monsanto is ready to make 
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a study of basic data with the following 
objectives : 

(a) Determine if sufficient materials 
and information exist to permit the de- 
sign and construction of a nuclear re- 
actor producing power and plutonium. 

(b) Determine if such a_ reactor 
could make plutonium at a cost equal to 
or less than present costs and at the 
same time produce power at an economic 
cost, after application of credits for the 
plutonium produced. 

(c} Recommend any additional re- 
search and development work required 
for the design of a power reactor. 

(d) Set up the basic design premises 
for a power reactor producing pluton- 
ium. 

Dr. Thomas stated that the cost of 
the study would be defrayed by Mon- 
santo and any collaborators who might 
work with the company. He 
further that any such study would be 
based upon the understanding that the 
Commission would make available in- 
formation pertaining to power reactors 
and that the Commission also would 
make available for reasonable consulta- 
tion Commission personnel capable of 


contributing necessary data and experi- | 


ence. Dr. Thomas further stated that 
the conclusions determined by this pre- 


liminary work would be embodied in a | 
report which Monsanto would submit to | 


the Commission along with specific pro- 
posals for further actions to implement 
the completion of the project. 


FIBRE V TO BE AMILAR 


The Du Pont Co. has adopted the 
trade-mark Amilar for its synthetic 
polyester textile fiber which it has been 
evaluating since 1946 under the labora- 
tory designation of Fiber V. 

Technically, the material is a conden- 
sation polymer obtained from ethylene 
glycol and terephthalic acid. It is not 
chemically related to nylon, Orlon 
acrylic fiber, or any other Du Pont fiber. 

Quantities of both continuous filament 
yarn and staple required for develop- 
ment work are being made in an experi- 
mental operation at the Seaford (Del.) 
plant of the nylon division. 

Announcement was made late in 1950 
of plans to use a 635-acre tract on the 
Neuse River, near Kinston, N. C., for 
the manufacture of Amilar polyester 
fiber. Design of the plant is under way 
and construction is expected to start 
sometime this year. 

It has high tensile strength and high 
resistance to stretching—both wet and 
dry. It has good resistance to degrada- 
tion by chemical bleaches and to abra~- 
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CONSULT ANSUL’S STAFF 
of trained and experienced 
Chemical Engineers. 

If you have a problem or 
process involving acidifying, 
neutralizing, bleaching, pre- 
serving, dechlorinating, reduc- 
ing, deoxidizing, etc., Ansul’s 
Engineers can service 
to you. 

Call on them for assistance, 
without cost or obligation. 


CHERRIES + REG. U. PAT. OFF. 


uM 
peTRoLe 
goon PRODUCTS 


Ansul’s Technical Service gives you the ben- 
efits of improved process efficiencies and 
uality control when using Ansul Liquid 
Sulfur Dioxide. 
New uses of liquid sulfur dioxide are con- 
tinually being develo; It's HIGH PUR- 
ITY, GREATER ECONOMY, AND EASE 
OF CONTROL provide a versatile and 
effective chemical to a great variety of 
industries. 
To compliment the availability of liquid 
sulfur dioxide, Ansul has cataloged years of 
experience and research to provide a com- 
plete technical service covering present and 
potential uses of SO, in industry. 
Write for File No. 302 and ask for specific 
information concerning your own applica- 


MICAL COMPANY 


sion. Most of the fiber’s properties are 
equally good under wet or dry condi- 
thons. 


CHEM CHEMICAL MARINETTE, WISCONSIN 
St Mew York Liberty Bldg frend Chestnct 7. Pe 


PRODUCTS AND DEY CHEMICAL FIRE EATING 


ANSUL 
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SPARKLER 


from the smallest 
laboratory and pilot 
plant uses to heavy duty 
production line opera- 
tion Sparkler has filters to 
fit the job. 
For large installations 
where uninterrupted service 
of volume filtering is required, 
Sparkler filters are frequently 
engineered to operate in bat- 
teries; some production line in- 
stallations have as many as twenty 
or more Sparkler filters operating 
together. Sparkler filters are made 
in a complete range of metals, stainless steel, mild steel, rubber lined, 
etc., steam jacketed and brine jacketed. 
STANDARD MODELS ARE AVAILABLE MADE 
WITH THESE MECHANICAL SPECIFICATIONS: 


Plate diameter sizes 8”, 132", 18”, 33” 
Filter area in one filter unit 1 sq. ft. to 200 sq. ft. 


Cake space capacity 1 Ib. to 300 Ibs. of filter aid. 


Flow rates from 10 G. P. H. to 48000 G. P. H. in 
one unit on viscosity of liquor. 


For personal service and engineering consultation on your 
particular filtering problem, write Mr. Eric Anderson. 


SPARKLER MANUFACTURING COMPANY 


MUNDELEIN, ILL. 
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CHEMSTRAND’S FIBERS 
PLANT AT DECATUR 


The Chemstrand Corp. announced 
that Daniel Construction Company of 
Alabama, Inc., Birmingham, has been 
named general contractor to erect a 
plant for the production of synthetic 
fibers at Decatur, Ala. 

The announcement was made by 
Osborne Bezanson, president of Chem- 
strand, a corporation which is jointly 
owned by Monsanto Chemical Co. and 
American Viscose Corp. 

Mr. Bezanson said that construction 
will get underway immediately on a 
656-acre site at Decatur. Manufactur- 
ing units, laboratories and general 
offices, as well as a powerhouse and 
other service facilities, will be erected 
at the location adjacent to the Tennessee 
River. The plant will employ approxi- 
mately 500 persons. 

Chemstrand acrylic fiber is currently 
being produced at a pilot plant at 
Marcus Hook, Pa. In its initial stage, 
the new synthetic fiber will be manu- 
factured in staple form only. 


ARMY WANTS ENGINEERS 


Civilian position vacancies for more 
than 300 engineers and other technical 
personnel at the Army Engineer Re- 
search and Development Laboratories 
have been created by the stepped-up 
national defense program; Colonel O. B. 
Beasley, Commanding Officer of the 
Fort Belvoir Laboratories has an- 
nounced. The positions, which are cov- 
ered by Civil service regulations, carry 
salaries up to $6,400 a year. 

An immediate need exists for mechan- 
ical, civil, electrical, electronic, chemical 
and photogrammetric engineers, tech- 
nical writers, and architects. 


LECTURE SERIES CHANGED 


A change of speaker and date for the 
final lecture of the current series on 
Unit Operations, now being sponsored 
by the New Jersey Section of the 
A.L.Ch.E. was announced recently by 
D. S. Bruce, chairman of the Lecture 
Series Committee. The lecture on Dry- 
ing Operations, originally scheduled for 
April 3, and to be given by S. J. Fried- 
man will now be given April 5 by Prof. 
W. R. Marshall, Jr., of the University 
of Wisconsin. The meeting place re- 
mains the same, Newark College of 
Engineering. 

According to the committee, 284 
chemical engineers from the New Jersey 
area are taking the course of five 
lectures. 
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STANDARDAIRE 
Flow BLOWER ~ 


Development recently issued its 18th | 
Annual Report covering 1950. This 
year the report featured an article on 
the function of E.C.P.D. entitled, “What 
Is E.C.P.D.?” As always, the booklet 
contains the report of the Committee on 
Engineering Schools which has ex- 
amined and accredited 656 engineering 
curricula and 152 engineering schools. 
Copies may be obtained for 50 cents 
from the Engineers’ Council for Profes- 
sional Development, 29-33 West 39th 
St., New York. 


ETHYLENE UNIT FOR 
GULF OIL CORP. 


The world’s largest single unit for 
manufacturing ethylene will be built at 
Port Arthur, Tex., by Gulf Oil Corp., 
an announcement of the company stated 
last month, Gulf also recently announced 
plans to manufacture iso-octyl alcohol, 
which marked its entry into the field of 
petrochemistry. 

The new facilities will produce nearly 
2% billion cubic feet yearly, increasing 
total United States production by ap- 
proximately 12 per cent. Included in the 
project will be an 8-in. pipe line 76 miles 
long, and a 6-in. pipe line of 32 miles 
to transport the gas to Gulf coast chem- 
ical plants. 

The ethylene will be made from by- 
product gases produced in the refining 
processes at Gulf’s Port Arthur refinery. 
These gases are at present used prin- 
cipally as fuel for the plant. 

Construction will begin within two 
months and is scheduled for completion 
within a year after breaking ground. 
Building contract has been let to The 
Lummus Co., New York. 


SAVE THOSE BACK ISSUES 


Every so often an unprece- 
dented demand for a particular 
issue, or an unexpected influx of 
new subscribers and members 
puts the editor in the embarrass- 
ing position of running out of 
copies of Chemical Engineering 
Progress. This has happened sev- 
eral times in our short history and 
if members have copies of any of 
the following issues, we would be 
glad to purchase them. The 
issues which we need and for 
which we will pay 75 cents each, 
are: April and May issues of 
1947; January, 1949; October and 
November, 1950. 

All these issues were over- 
printed to a huge extent, but be- 
cause of features and other de- 
mands, single copy sales, etc., 
they have been completely ex- 
hausted in a short time. 
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To meet the increasing demand for Standardaire Blowers 
our manufacturing facilities have progressed from custom 
built techniques to precision production methods for the 
principal components of the blower. In addition to other 
improvements, new manufacturing processes and equip- 
ment are now being used to generate the cycloidal form, 
screw type main and gate rotors on a production basis with- 
out sacrificing precision and accuracy of fit—important 
details in maintaining the “air screw’ action feature of the 
Standardaire Blower. 


Through this unique achievement in production engineer- 
ing it is possible for Standard Stoker to offer industry a 
Standardaire Blower with the design features and efficiency 
of a custom built job at the availability of a quantity 
production unit. 


Consult with our engineers on how the modern design 
Standardaire Blower can be adapted to suit your require- 
ments. Write Dept.£38 The Standard Stoker Co., Inc., 370 
Lexington Avenue, New York 17, New York. 


| STANDARD STOKER INC 


NEW YORK CHICAGO ERIE - MONTREAL 
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MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


Equilibrium Data in Orderly and 
Logical Arrangement . 


Distillation Equilibrium Data. Ju Chin 
Chu and Associates. Reinhold Pub- 
lishing Corp., New York (1950) 296 
pp. $6.00. 


Reviewed by Wayne C. Edmister, 
Carnegie Institute of Technology, Pitts- 
burgh, Pa. 


MUCH-NEEDED compilation of 

vapor-liquid equilibrium data is 
presented in this book. Experimental 
data’ from 107 references are presented 
in tabulations with mole percentages of 
each component in both phases, temper- 
ature in degrees centigrade and pres- 
sures in millimeters of mercury. The 
order is alphabetical for the common 
name of the most volatile component. 

Data on 145 binary systems are given 
on 228 pages. Data on 27 ternary sys- 
tems fill 54 pages, while the data on 
four multicomponent systems occupy six 
pages. The organization of the data is 
convenient and logical. The data are 
not smoothed or presented in even values 
of mole %, temperature or pressure by 
interpolation. Although this might in- 
sure precision, which is the reason the 
authors give for not doing it, the utility 
of the original data is not much im- 
proved. 

The value of such a volume of data 
depends upon its completeness. The 
authors state in the preface that an at- 
tempt was made to collect these data 
exhaustively. In going through the 
book, this reviewer noticed two omis- 
sions. Kay published data on the binary 
systems ethane-heptane, butane-heptane 
and ethane-butane. Oniy the latter data 
were included in this book. Gilliland and 
Scheeline published data on propane- 
isobutane, propane-hydrogen sulfide and 
propane-isobutylene. Only the latter 
data were included in this book. 

Since these two binary investigations 
cover related systems, it is unfortunate 
that some data were omitted. However, 
this may not be typical of the degree of 
completeness of this compilation. 

The fact that the book is not complete 
in the hydrocarbon field detracts from 
its value as a research tool, while the 
fact that the data are not tabulated at 
even values of composition, temperature 
and pressure detracts from its value as 
a design tool. 


However, this book is a worthy ad- 
vance in its field. The authors are to 
be commended on the contribution. The 
book is recommended to chemical engi- 
neers having vapor-liquid equilibrium 
problems. 


Statistical Engineering in the Chemical 
Process Industries. James R. Tho- 
men Chemonomics, Inc., New York. 
Lithoprint, paper bound. (1951) 48 
pp. $2.00. 

HIS pamphlet is a collection of 

abstracts of articles discussing and 
describing the application of statistical 
engineering methods in the process in- 
dustries. The abstracted articles deal 
with quality control, design of experi- 
ments, determination of specifications, 
analytical determinations, etc., and cover 
such phases of the chemical process 
industries as pulp and paper, petroleum, 
plastics, organic chemicals, etc. 


Chemical Operations From 
Military Experiments 


Methods of Operations Research. Phili: 
M. Morse and George E. Kimba 
First Edition Revised. Published 
jointly by The Technology Press, 
assachusetts Institute of Tech- 
nology, and John Wiley & Sons, Inc., 
ay York. (1951) viii + 158 pages. 

00. 


Reviewed by D. H. Killeffer, Chem- 

ical Consultant, New York. 

PERATIONS research” the 

term is used here has nothing to 
do—except incidentally as it does with 
innumerable other categories of phe- 
nomena—with the unit operations of 
chemical engineering or with the matter 
of operating plants. Rather the term 
is applied to a highly valuable extension 
of the methods of statistical analysis into 
the useful projection of statistics into 
the future as a basis for executive de- 
cision. The book begins with a terse 
definition: “Operations research is a 
scientific method of providing executive 
departments with a quantitative basis 
for decisions regarding operations under 
their control.” 

The techniques described are those 
which proved invaluable in evaluating 
and reconciling data to form the bases 
of vital decisions by the commanders in 
World War II. Although the methods 
here described are primarily illustrated 
by examples drawn from military activi- 
ties, their application to many of the 
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problems of chemical engineering and 
of chemical operations generally can be 
readily made by the qualified reader. 
Basically the methods and techniques 
described are familiar statistical tools, 
but their extension and refinement under 
the compulsions of war have given them 
new value and usefulness for applica- 
tion to other problems. It is a valuable 
book that should be familiar to all con- 
cerned with the problem of providing 
bases for executive decisions, or of 
making such decisions themselves. 


Chemical Facts & Figures. Manufac- 
turing Chemists’ Association, Inc., 


246 Woodward Building, Washington 
case C. Third Edition (1950) 429 pp. 


NEW third volume of Chemical 

Facts & Figures is off the press and 
though it is only a few pages longer 
than the second edition, which was is- 
sued in 1946, it seems to contain much 
more information. We cannot detail all 
the information that the volume holds, 
but a fair statement would be that it 
contains almost every publishable busi- 
ness statistic available on the chemical 
field. 

It contains indexes of production as 
well as actual production by value and 
tonnage. It includes summaries and 
tables of interest to the statistician as 
well as the executive. For instance, 
there are tables on the status of the 
synthetic rubber plants as well as capa- 
cities, plant investments, etc., plus a 
table showing the present owners of all 
synthetic rubber plants sold by the Gov- 
ernment. 

The volume includes tables of average 
hourly earnings in the various branches 
of the chemical field and allied indus- 
tries, working hours, number of wage 
earners, index of factory pay rolls, and 
an extensive table on the financial rec- 
ords of 100 chemical process compan- 
ies, imports, exports, etc. 

This particular volume covers 1946 
through 1949 and contains partial data 
on the first six months of 1950. 

Canadian statistics and data on 500 
new chemicals which have become avail- 
able since the last edition are new 
additions. 

For those concerned with the markets, 
sales, economics and trends of the chem- 
ical industry, this volume becomes a 
must for their libraries. 

(More Marginal Notes on page 34) 
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To the savings made by 
the reduction in “Karbate” 
brand impervious graphite 
pump prices (up to 33%), 
add the all-important fac- 
tor of very low annual 
maintenance cost. Our rec- 
ords show some pumps in 
service for years, requiring 


practically no 
parts. 


14.““KARBATE” 


impervious Graphite 
Corrosion Resistant 


PUMPS 


Case and Impeller are of “Karbate” 
impervious graphite — they do not corrode. 
Stainless Steel Shaft, where exposed to corrosive 
fluids, protected by “Karbate” impervious 
graphite. 

“Karbate” impervious graphite rotary seals * 
are regular equipment — included in basic 
pump price. They are not “extras”. 

No stuffing gland to require packing — a single, 
occasional adjustment of the “Karbate” 

rotary seal replaces this cost. 


OtherNATIONAL CARBON products 3 


*Now, even at new low pump prices, 

“Karbate” rotary seals have been improved. Teflon is 
used to gasket the seal to the shaft and the gasket is 
adjusted, independently of pressure, on the seal faces. 


All-purpose application 

Freedom from product contamination 
Excellent corrosion resistance 
Rugged construction 


Low maintenance — minimum servicing 
and replacement of parts 


The term “Karbate” is a registered trade-mark of 
NATIONAL CARBON DIVISION 
UNION CARBIDE AND CARBON CORPORATION 
30 East 42nd Street, New York 17, N.Y. 
District Sales Offices: Atctanta, Chicago, Dallas, 

nsas City, New York, Pittsburgh, San Francisco 
In Canada: National Carbon Limited, Toronto 4 


HEAT EXCHANGERS + PUMPS + VALVES + PIPING + TOWERS + TOWER PACKING + BUBBLE CAPS - 
BRICK + STRUCTURAL CARBON + SULPHURIC ACID CUTTERS + HYDROCHLORIC ACID ABSORBERS 
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MARGINAL NOTES 
(Continued from page 32) 


Much Ado—About U & Pu 


Sourcébook on Atomic Energy. Samuel 
Glasstone. D. Van Nostrand Co., Inc., 
New York. (1950) 546 pp. $2.90. 


Applied Nuclear Physics. Ernest Pol- 

rd and William L. Davidson. Second 

Edition. John Wiley & Sons, Inc., 
New York: (1951) 341 pp. $5.00. 


Toxicolo of Uranium. National Nu- 
clear , aS Series. Dr. Albert 
Tannenbaum, Editor. McGraw-Hill 
Book Co., Inc., New York (1951) 333 
pp. $3.00. 


Analytical Chemistry of the Manhattan 
Project. National Nuclear Energy 
Series. Clement J. Rodden, Editor 
in Chief. McGraw-Hill Book Co., 
Inc., New York. (1950) 748 pp. $6.75. 


HERE is one pile in the nuclear 

field that American enterprise has 
already built—for profit—with the full 
cooperation of the Government. The 
pile grows larger every day in the librar- 
and in the corners of the book 
reviewer's office—the huge pile of books 
on Atomic Energy, Atomic Physics, 
Atomic War, Atomic Survival, ad infin- 
itum. Yet, among the welter of books 
that are being published, many authori- 
tative works are beginning to find their 
way out of the laboratories, plants and 
libraries of the Atomic Energy Com- 
mission. 

One of the sturdy building blocks in 
the atomic energy literature is a new 
offering—a source book on atomic en- 
ergy by Samuel Glasstone, published by 
D. Van Nostrand Co. Inc. This was writ- 
ten and published through a combined 
effort of the Atomic Energy Commis- 
sion and the publishers. The project 
was begun early in 1948 as a means of 
preparing a source book on atomic en- 
ergy for the use of authors, editors, 
classrooms, etc. Dr. Glasstone is already 
known for his book in collaboration with 
Hugh Taylor, on physical chemistry, as 
well as his own book on_ theoretical 
chemistry published in 1944. He is now 
a consultant to the Atomic Energy Ce,n- 
mission. 

The book is well written and un- 
doubtedly answers a deep-felt need for 
an authoritative discourse on the atomic 
field. One of the most pleasing features 
of’ the book is its typography. On a 
9-in. by 6-in. page, the publishers have 
run the text in two columns. The text 
is large enough and spaced well enough 
so that reading is simple and rapid. 

The 18-chapter book is well inter- 
spersed with subdivisions of chapters 
and center heads which break up the 
individual subchapters into smaller sec- 
tions with each paragraph numbered. 


1es 


Page 34 


The trend to the smaller type line is 
gratifying and could well be followed 
by publishers of other textbooks. 

As for the content of the book, its 
authoritarian source cannot be ques- 
tioned, since Dr. Glasstone studied the 
work of various laboratories of the 
Atomic Energy Commission and the 
manuscript was reviewed by many 
scientists associated with the program. 
It has passed the censor and has enlisted 
the help of a great number of people 
competent in the field. Technically, the 
book begins with the earliest concepts of 
the atom building up through the molec- 
ular theory, periodic system, constituents 
of the atom, etc. Energy and radiation, 
the structure of the atom, chapters on 
radioactivity, its measurement, isotopes, 
the neutron, nuclear fission, utilization 
of nuclear energy, the new elements, 
the uses af isotopes, cosmic rays and 
mesons. This is merely a partial listing 
of the chapters but gives some indica- 
tion as to detail and scope of this book. 
Each chapter is remarkably complete 
with much information collected from 
various sources. For instance, the chap- 
ter on the use of isotopes covers the 
labeling, use of isotopes for biological 
work, a discussion of the curie and con- 
siderable detail on the synthesis of 
labeled compounds. Isotopic tracer 
methods and application of isotopic 
tracers are even more fully discussed, 
with a short section on industrial appli- 
cations. 

The above remarks are made as an 
example of how complete Professor 
Glasstone has made the book, and cer- 
tainly they, namely, the American Text- 
book Publishers Institute and Atomic 
Energy Commission have accomplished 
their objective of preparing a, “- - -com- 
prehensive sourcebook of atomic energy 
for the use of textbook authors and 
editors.” Not only are the Atomic En- 
ergy Commission and Professor Glass- 
tone to be congratulated on this book, 
but also the publishers of the volume 
for the clarity and straightforwardness 
of the presentation. 

The second book in this review of 
atomic literature is on applied nuclear 
physics by Pollard and Davidson. 

This is a second edition of a book 
which first appeared in 1942. The 
authors are a professor of physics at 
Yale University, and a director of physi- 
cal research for the B. F. Goodrich Co. 

As is pointed out in the preface, much 
has happened since the first edition, and 
the work begins with the concept of the 
atom, and is entitled, “Randomness, 
Reason, and Atomic Energy.” The book, 
however, approaches the problems 
strictly from the physics standpoint and 
much of the book is concerned with 
transmutation, nuclear fission, nuclear 
chain reactions, etc. The book is well 
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founded and authoritatively written. 
The chapter on the detection of nuclear 
particles, gives a good résumé of the 
various types of detectors, recording 
equipment, scaling circuits, counters, 
etc., used in atomic physics. 

The first third of the book is a pre- 
paration for the latter two thirds, and 
has an excellent chapter on methods of 
accelerating atomic particles. The latter 
two thirds of the book deals with the 
transmutation of the elements, with a 
complete résumé, description, and ex- 
planation of the various reactions. 

This is another first-class book. 

The chapter on nuclear fission, while 
adequate is not as speculative as similar 
chapters in other books. This is com- 
mendable for the authors have with- 
stood the temptation to expand beyond 
what they should. One rather interest- 
ing feature is the recitation of facts on 
fission that were common knowledge be- 
fore World War II. Numerous pages 
have been devoted to developing that 
knowledge up through the first Chicago 
pile, through the Clinton and Hanford 
piles, and piles moderated with heavy 
water. The development of the portion 
of the chapter on power piles is well 
done and restrained. 

The appendix to this book is rather 
interesting, too. It lists dates of impor- 
tant developments in the nuclear field; 
gives an extensive table of atomic spe- 
cies according to the atomic number, the 
abundance or half-life, particle energies 
and the quantum energies. This is the 
first time to this reviewer's knowledge 
that such a table has been run in a text 
of this sort. It is not complete, as is 
explained, but nevertheless, it is ex- 
tremely useful. 

Two recent volumes of the now fa- 
mous Nuclear Energy Series, are next 
in our review, and while probably of not 
too great importance to chemical engi- 
neers in general, the information is im- 
portant to anyone working in the nu- 
clear field. 

The first is on the “Toxicology of 
Uranium,” edited by Dr. Albert Tan- 
nenbaum, director of cancer research of 
the Medical Research Institute of the 
Michael Reese Hospital, Chicago. The 
volume is part of the over-all plan on 
the plutonium project which is the 
fourth division of the projected eight 
divisions of the National Nuclear En- 
ergy series which, when completed, is 
expected to consist of 60 volumes. The 
book has many contributors and contains 
eight chapters plus sixteen collected 
papers, all devoted to the toxicological 
effects of uranium. As far as this re- 
viewer can judge, it is a thoroughgoing 
authoritative book, well worth the in- 
vestment which is really not prohibitive 
when considered in the light of the num- 
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In your “‘winter specs” @ for spring construction 


It will pay you to consider these four advantages 
of a Fluor Pulsation Dampening Piping System... 


The Fluor Pulsation Dampening Piping System is the newest and 
L Pressure drep calculation based on most practical approach to “pulso-troe” piping yet developed. Designed primarily 
smoother flow for installation in new construction utilizing piping to handle air, steam, or hydro- 
carbons at operating pressures ranging from a vacuum to 5,000 psi at any tem- 
rature, this Fluor-designed piping system removes objectionable pulse k 
2 Improved gas metering accuracy res caused by the of 
Fluor Pulsation Dampening Piping Systems are guaranteed to pro- 
vide a virtually smooth gas flow with minimum pressure drop. Safety is increased 
eliminating vibrational stress on piping, heat exchangers and vessels. Com- 
3 Virtual elimination of piping maintenance efficiency is 
metering inaccuracies caused by pulsative 
flow are reduced, and maintenance prob- 
lems common to conventional piping sys- 
4 Consideration of safety records tems are cut to a minimum. ~ 
If you are in the process: of 
drawing up specifications for current or 
contemplated construction involving com- 
pressor piping, it will pay you to write for 
Fluor Bulletin No. PDS-8501. Or, contact 
your nearest Fluor Representative for 


FL Oo attention to your particular problem. ee 
U Rk Fluor Pulsation Dampeners and Pulsation Dampening Piping Systems 
and pending. 


are protected by U. S. and foreign patents issued 


DESIGNERS AND CONSTRUCTORS of Refining, Natural Gas and Chemical Processing Plants. 
MANUFACTURERS of Pulsation Dampeners, Mufflers, Gas Cleaners, Cooling Towers and Fin-Fan Units. 


THE FLUOR CORPORATION, LTD., 2500 S. Atlantic Blvd., Los Angeles 22, Calif. Offices in principal cities in the U.S.A. 
REPRESENTED IN THE STERLING AREAS BY: Head Wrightson Processes Ltd., Teesdale House, Baltic St., London, E.C.1., England 
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MATERIAL 


BY GOOD DRYER 
ENGINEERING 


‘CANDIDATES FOR MEMBERSHIP 


IN A.1. Ch. E. 


The following is a list of candidates for the designated 
grades of membership in A.I.Ch.E. recommended for elec- 
tion by the Committee on Admissions. 

These names are listed in accordance with Article III, 
Section 7, of the Constitution of A.I.Ch.E. which states: 


Election to membership —_ be by vote of the Council upon recom- 
mendation of the C The names of all applicants 
who have been approved as jt. by the Committee on Admissions, 
other than those of applicants for Student membership, shall be listed 
in an official publication of the Institute. If no objection is received 
in writing by the Secretary within thirty days after the mailing date of 
the publication, they may be deciared elected by vote of Council. If an 
objection to the election of any candidate is received by the Secretary 
within the period specified, said objection shall be referred to the 
Committee on Admissions, which shall investigate the cause for such 
objection, holding all communications in confidence, and make recom 
mendations to the Council regarding the candidate. 


Objections to the election of any of these candidates 
from Active Members will receive careful consideration 
if received before April 15, 1951, at the Office of the 
Secretary, American Institute of Chemical Engineers, 120 


Standard-Hersey dryers bring savings to 
industry and agriculture because they 
take full advantage of every possible 
saving element— men, money, time and 
material. With Standard-Hersey equip- 
ment you get increased hourly output 
with lower initial operating costs. That 
is good dryer engineering — obtainable 
only from a dryer organization with 
years of know-how. The combined ex- 
perience of Standard and Hersey totals 
130 years—your insurance that your 
equipment dollar will be biggest at 
Standard-Hersey 


Write today for new 12-page Dryer Bulletin 
incorporating latest information on Standard- 
Hersey Continuous and Botch Dryers and 
Rotary Coolers, Kilns ond Calciners, for the 
Process Industries. 


STANDARD STEEL CORPORATION 


5055 Boyle Avenue, Los Angeles 58, Colifornia 
Eastern Address: 123—55 Newbury Street, Boston 16 


East 41st St., New York 17, N. Y. 


APPLICANTS FOR 
ACTIVE MEMBERSHIP 


Sidney J. Baum, Beverly 
Farms, Mass. 
Ralph W. Berger, Chicago, 


H. C. Blankmeyer, Louis- 
ville, Ky. 

William S. Bonnell, Port 
Arthur, Tex. 

Charles C. Brewer, Free- 
port, Tex. 

Anthony J. Bruno, Jr., 
Pittsburgh, Pa. 

W. Lawrence Campbell, 
Kingsport, Tenn. 

Edward H. Conroy, Jr., 
Pittsburgh, Pa. 

R. A. Crane, Moylan, Pa. 

Newell C. Dunn, Baton 
Rouge, La. 

Wm. Dunnington, Wil- 


T 
Saul Gilbert, Los Angeles, 
Calif. 
E. B. Gunyou, Richland, 
Wash 


ash. 

D. N. Hanson, Berkeley, 
Calif. 

Arthur E. Howerton, Cor- 
pus Christi, Tex. 

Richard W. Hyde, Lexing- 
ton, Mass. 


— Joffe, New York, 
Joseph W. Kelley, Me- 
tuchen, N. J. 


R. Knobler, Bolivia, S. A. 
Albert F. Kozak, Wilming- 


Lapple, Colum- 
. LauBach, Houston, 
A. New York, 
A 


Richard N. Lyon, Oak 
Ridge, Tenn. 
Richard M. Markham, 
De 
Nielsen, Wwil- 
mington 


Del. 
J. Paul Oliver, Cleveland, 
Ohio 
Alphonse Pechukas, Pitts- 


field, Mass. 
Glenn C. Schilberg, Akron, 


Robert O. Schmitt, 
Wyoming, Ohio 

Richard "Slotter, Minne- 
inn 

W. L. Steele, Philadelphia, 


Pa. 
A. W. Taff, Glen Burnie, 
Sidney P. Thomes, Annis- 


ton, 

W. A. Van De Mark, - 
Copperhill, Tenn. 

H. B. Van Hartesveldt, 
Bridgeville, Pa. 

Roland M. Waters, Pleas- 


Port Arthur, Tex. 


APPLICANTS FOR 
ASSOCIATE 
MEMBERSHIP 


George W. Coleman, Fox- 


Ohio 

John W. Eldridge, Char- 
lottesville, Va. 

Donald K. Peterson, Los 
Angeles, Calif. 

Ward H. Sachs, Jr., 
Marietta, Ga. 

Frederick R. Schumm, 
Jersey City, N. J. 

Wm. John Tanner, Provi- 
ence, R. I. 

T. Ellwood Webster, 
Philadelphia, Pa. 


(Continued on page 40) 
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David 1. Cronin, Dayton, 
| ton, Del. 
| Charles C. Krause, Cin- 
'Drvers 
- 

| E. Ernest Lindsey, Am- 
herst, Mass. 
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GOOD 


WHY INDUSTRY THE SPERRY FILTER PRESS: 
FOR FILTRATION 2. Produces maximum clarity. 


3. Produces the driest cake. 


The plate filter press, the filtration method pio- . Can deliver cake in slab form suitable to 
neered by Sperry is the most widely used filter in place in drier trays. 
industry today. The inherent advantages of this . Thoroughly washes the cake. 
type of filter explain its wide usage. . Uses the simplest kind of filter cloths. (Can 
Consider these advantages as applied to your use cloth cut direct from roll.) 
own operation. Compare the flexibility, low first 
cost, low operating cost of a Sperry Filter Press 
with any other type of filter on the market. . Can use filter paper or pulp. 
For more specific data as to your own filtration .Can be used with precise temperature 


. Cloths are easily removed and repiaced. 


problem consult Sperry. Send samples of your control. 
material for a test run. 


. Can handle hot liquors without vaporizing. 
. ls easily made of acid or alkali resistant 
material. 
. Low first cost. 
. Low cost of labor. 
. Least floor space and head room required. 
. Weight per squore foot no greater than 
other types. 
. Low depreciation. 
. Can perform low, medium, or high pres- 
sure filtration. 
. Easily resold. (On account of its wide use.) 
the liqui 
D.R. SPERRY & COMPANY 
BATAVIA, ILLINOIS 
Filtration Engineers for over 50 years . Can be used to seporate emulsions. 


Eastern Soles Representative: H. E. Jacoby, M. E. . Easily erected by unskilled labor. 
205 E. 42nd St., New York 17, N. Y.; Phone MUrray Hill 4-358! 


Western Sales Representative: B. M. Pilhashy . Can be transported in small pieces. 
833 honts San Francisco 4, Calif. . 
eam wit deliver filtrate to higher level than 


. Can use wire, wool, asbestos, glass, ¥in- 
yon, and many other kinds of filter cloths. 


. Can be furnished in leak-proof construc- 
tion. 
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Mixers, greater than ever before in our history. 


to the same strict specifications as always. 


information. 


You will be glad you kept in touch with him. 


BUILT FOR THE YEARS AHEAD 


Weare straining every facility to meet the tremendous demand for Lightnin 


To insure that your fluid agitation will be just as efficient tomorrow, 
or ten years from now, as it is today, we are building every Lightnin Mixer 


Unfortunately, this means we must ask you to wait longer than usual 
for delivery. Our Materials Planning Department is actively engaged in 
anticipating your requirements so as to insure that there will be the least 
possible delay after your order is received. Check with us for latest delivery 


The Lightnin Sales Engineer who services you will be glad to give quickly convertible from closed 
you further information, and can suggest many ways to keep your present be extended upward for bottom 
agitation equipment in service until the day your new Lightnin arrives. AGMA speeds are quickly available 


BUILT TO MINIMIZE “= 
MIXER OBSOLESCENCE 
Lightnin Model TEC heavy duty 
turbine agitator is designed to meet 
changing process requirements. It is 
tank ro open tank service. Shaft may 


entering use. Sixteen standard 


from the same heavy duty drive, all 
with standard 1750 RPM motor. 


(MIXCO) 
199 Mt. Read Blvd., Rochester 11, N. Y. 
In Canada: William & J.G. Greey, Ltd., Toronte 
Please send me the literature checked: 
(1) 8-76 Side Entering Mixers [[] DH-50 Laboratory Mixers 
(8-78 Top Entering Mixers [] 8-36 Condensed Catalog 
(Propeller Type) showing complete fine 


(8-89 Top Entering Mixers [] 8-75 Portable Mixers (Elec- 
(Turbine and Paddle Type) _tric and Air Driven) 


| MIXING EQUIPMENT Co., Inc 


? 
| 
| 


LIGHTNIN PORTABLE MIXERS are LIGHTNIN TOP ENTERING AGITATOR LIGHTNIN SIDE ENTERING MIXERS 

used universally in process industries. (Model TEC) in 2 HP size, installed in are favored by petroleum refiners and 

Many Lightnins have been in continuous pilot plant for Streptomycin production. other large-tank users. They are easily re- 

service 20 years and more. Development work benefits from Lightnin packed from outside the tank, without 
versatility. draining the tank. 


MAKERS OF 


Mixers 


LIGHTNIN 
LIGHTNIN TOP ENTERING 
PORTABLE AGITATORS 
MIXERS Turbine, 
World's largest-sell- and paddie types. 
ing line. Electric or air For or 


tonks. 16 speeds 
evallable in new 


ne or geor 
HP. 

drive. Sizes Va to 3 

Sizes 4 to 500 HP. 
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CHEMICALS 


1 @ VINYL STABILIZERS. A technical 
report evaluating stabilizers for vinyl 
stocks by the Diamond Alkali Co. 
Reports all stabilizers commercially 
available. Contains description of 
standard formulations and all tests 
made. Results of the study are sum- 
marized in a table of recommended 
materials for use under severe ex- 
posures to heat and light. 


2 © DIETHYL ACETYLSUCCINATE. A 
data booklet on diethyl acetylsuc- 
cinate fro mthe Monsanto Chemical 
Co. Gives the structural formula, 
physical data, chemical properties, 
reactions, syntheses, etc., for which 
the new material might be used. 
S ed uses in addition to gen- 
eral organic synthesis; azo dyes and 
coumarin production. 


3 @ DICHLOROACETALDEHYDE. Re- 
search and development quantities 
of the chemical are offered by the 
Westvaco chemical division de- 
scribed in a new technical data sheet. 
Gives physical properties, suggested 
uses, etc. 


4 @ STARCH MODIFICATION. The use 
of peroxygen compounds to modify 
starches, proteins, and gums, is de- 
tailed in a 16- data sheet of the 
Buffalo Electro-Chemical Co. End 
use of modified products is for gums, 
confectionery, sizing, adhesives, etc. 


5 @ WAXES. A collection of tech- 
nical data sheets describing various 
waxes of the Concord Chemical Co. 
Description gives specifications, uses, 
packaging, formulations. Used as a 
substitute for carnauba and Japan 
wax. 


6 @ SILICONE ALKYD RESINS. Three 
new silicons alkyd coating resins, for 
single coat applications where heat, 
weather and chemical resistance, etc., 
are important, are announced by the 
Plaskon division of Libbey-Owens- 
Ford Glass Co. Bulletin describes 


Mail card for more datap 


Here is a convenient CHEMICAL ENGINEERING PROGRESS 
service for you — in every issue — concise, authentic reports on 
what is new and improved in equipment and supplies, chemicals 
and materials — including brief reviews of the descriptive free 
literature available. 

To assure an easy way of keeping abreast of new equipment, 
new chemicals, and new developments in the field, obtain the 
accurate descriptions on what the manufacturer has to offer 
right from the manufacturer. Go through this reader service 
section right now —then tear out the special order card — 
encircle the identifying number of the literature you desire — sign 
and mail — that’s all you have to do — no postage necessary. 


properties, uses, 
these first chemically combined sili- 
cone alkyds. 


resistances, etc., of and advantages, giving physical data 
of resins made with these materials. 
Suggests uses. Booklet (8A) is on 


Panaflex BN for use with acryloni- 


7 © DRIERS. A new group of tallate 
driers for applications in paint as 
a replacement for naphthenates, is 
announced by Witco Chemical Co. 
Technical report of physical prop- 
erties, etc., available. 


8 @ PLASTICIZERS. Pan American 
chemicals division has two new 
booklets on Panaflex BN. This is 
a high boiling synthetic hydrocarbon 
oil, and in klet (8) its use is 
discussed as a coplasticizer for vinyl 
resins. Book gives physical proper- 
ties of the compound, tells of its use 


trile rubber, where it also acts as a 
plasticizer. This follows the same 
general outline as the previous book 
let and gives evaluations of use of the 
material on Buna N, Hycar, Paracril, 
etc. In every case, the characteristics 
of the rubbers are given in extensive 
tables. 


9 @ ORGANIC CHEMICALS. A new 
price list on more than 2400 organic 
chemicals from The Matheson Co. 
The list contains the company’s reg- 
ular line plus several hundred new 
compounds added recently. Alpha- 
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Chemical Engineering Progress Data Servic 


I would like to obtain more information on the ite 
represented by the numbers I have circled. 


March 1951 


20 21 22 23 24 25 2 #2 28 2 30 31 #32 33 34 
35 36 37 38 39 40 41 «442 

PLEASE TYPE OR PRINT 
Name Position 
Company 
Address 
City Zone _ State 
1 


bi a 
q 
4 
+ 
i 
4 
° 
4 
. : 
¥ 
ms 
. 
fi 
: 
. 
4 
4 
at 


listed, details of commodi- 
ties, price, some physical data. 


betically 


10 © TACKIFIER RESIN EMULSIONS. 
American Resinous Chemicals Corp. 
issued technical data sheets on tacki- 
fier resin emulsions for natural and 
neoprene rubber latices. The data 
sheets give the percent solids, pH, 
and other physical data of the cor- 
porations tackifiers. Gives com- 
pounding and handling information 
on making latex adhesives and de- 
scribes how they are used in paper, 
plastics, shoe leather, etc., industries. 


BULLETINS 


15 e COOLING TOWERS. A well- 
illustrated booklet of the Hudson 
Engineering Corp. which describes 
its cooling towers, both natural and 
mechanical draft. Made of redwood. 
Illustrations of features, construction 
details, etc. 


16 @ DIAL THERMOMETER. A new 
dial thermometer by Palmer ‘Ther- 
mometers, Inc. Mercury actuated, 
41% in. dial. Features stem that can 
be placed at any angle and the dial 
face can be rotated to a readable 
position. 


17 @ FINTUBES. A new bulletin of 
the Brown Finture Co. on a new 


= 


integral one-piece Fintube. Bulletin 
describes construction, gives range 
of sizes and materials, applications, 
etc. Materials are carbon steel, 
stainless, Inconel, Monel, aluminum, 
etc. Engineering data; comparison 
of square feet of bare pipe to Fin- 
tubes, heat transfer on finned side 
in heat exchange, friction factor 
chart, plus finside film correction 
graph. 


18 @ VALVE-SIZING CHARTS. A 
chart suitable for notebook by the 
Fischer & Porter Co. for sizing valves 
in steam use from | to 1,000,000 
Ibs./hr. Opposite side has a butter- 
fly valve sizing chart covering a range 
of 15 to 10,000 gals./min. 


19 e NOZZLES. Spray Engineering 
Co.'s complete catalog of spray 
nozzles for industrial purposes. A 
data sheet for each nozzle is given 
showing dimensions, lengths, gallon 
flow rate for varied pressures, spray 
patterns for various pressures, and 
other pertinent data. 


20 © EQUIPMENT BULLETIN. A min- 
iature product bulletin of the Sturte- 
vant Mill Co., shows its equipment 
line. Small, easily handled, booklet 
covers crushing, grinding, separat- 
ing, elevating, conveying, and mix- 
ing machines. In most instances the 
capacities, sizes, specifications, etc., 
are given. 


Necessary 
If Mailed in the 
United States 


Chemical Engineering Progress 
120 East 41st Street 

New York 17, 

New York 


21 © STEAM PLATEN PRESSES. Bald- 
win-Lima-Hamilton Corp. in a new 
20-page bulletin shows the types of 
steam platen presses it manufactures. 
Presses range from 20 by 20 in. up 
to 84 by 222 in. and from 100 to 
12,500-ton capacity. For use in vari- 
ous industries—rubber tile, plywood, 
linoleum, rubber goods, grinding 


wheels, etc. 


22-23 @ SPECTOGRAPHIC SERIES. 
Baird Associates, Inc., offers new 
technical literature on _ spectro- 
graphs. (22) Shows the source unit 
of the Board spectrograph and illus- 
trates — the operation and 
meaning of the unit. (23) describes 
a 3-meter grating spectrograph and 
beside showing operation and func- 
tioning, it tells advantages, uses, etc. 


24 @ WATER AND LIQUID LEVEL 
GAUGES. The Bristol Co. with a 
new 24-page bulletin on water level 
gauges, describes instruments for 
measuring and recording water 
depth in tanks, tail races, lakes, res- 
ervoirs, etc. Describes float, pressure 
bulb, pressure, counterpoise, differ- 
ential pressure and air-bubbler types 
of gauges. For all liquids and solu- 
tions, corrosive, flowing, viscous, etc. 
illustrated plus engineer- 
ing data. 


25 QUANTOMETER. A spectro- 
meter and recording console made 
by the Applied Research Laborator- 
ies, which is designed as a low-price 
instrument suitable for rapid rou- 
tine, direct-reading analysis. Covers 
the range between 2000A° and 
8000A°. Records per cent concen- 
tration directly on paper. Slated for 
control analyses of metals and non- 
metallics. Units are pictured and 
individual parts shown. 


26 @ AIR-COOLED HEAT EX- 
CHANGERS. The Fluor Corp., Ltd.. 
describes a new Fluor-GR fin-fan 
air-cooled heat exchanger. This 
equipment is designed to cool liquids 
or gases in capacities to meet air 
requirements at pressures up to 5000 
Ibs./sq. in., and temperatures up to 
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1500° F. as a replacement 
for water-cooled exchangers, as a 
low maintenance method of cooling 
liquids and or condensing 
vapors. Bulletin shows construction 
details of each t, plus an ex- 
ploded view of the complete struc- 
ture. Installations are shown. 


27 @ OPERATING MODEL. A unique 
cardboard working model to demon- 
strate a new principle in Venturi- 
ball valves, is offered by the Paul 
Valve . Demonstrates how the 
ball is directed by a guidepin into 
the seat. 


28 @ ALLOY CASTINGS. For the en- 
gineer that has abrasive, corrosive, 
or high operating temperatures that 
are destructive to normal metal life, 
the Stoody Co. offers a catalog on 
castings of hard metal alloys. Book 
is illustrated, describes the types of 
castings available, tells how to order 
them and pictorializes the various 
specimens turned out by the com- 


pany. 


29 © LIME HYDRATOR Hardinge 
Co., Inc., offers an 8-page catalog on 
continuous lime hydrators. Flow 
sheet shows operation, engineering 
drawings, gives dimensions and ca- 

cities which vary from | ton/hr. 
to 45 tons/hr. Construction details 
of the hydrator are given. 


30 INSTALLING CENTRIFUGAL 
PUMPS. ‘To help in the correct in- 
stallation and operation of centrif- 
ugal pumps, Lawrence Machine and 
Pump Corp. is offering a bulletin 
which gives information on the prob- 
lem. Tells about location, installa- 
tion, correct piping, packing-box 
techniques, and common difficulties 
and interruptions. 


31 e@ BUBBLE CAPS. A bulletin on 
standard alloy bubble caps made by 
The Pressed Steel Co. Gives designs 
of standard bubble caps plus dimen- 
sions, descriptions, slot areas, etc., 
of more than 150 different styles. 
Also on bubble-cap risers. 


FREE DATA 


32 @ DUST MANUAL. A 50-page book 
on industrial dust control through 
exhaust systems, by W. O. Vedder, 
is offered by the Pangborn Corp. 
The book gives complete detail on 
methods of controlling dust, covers 
exhaust systems, hoods and piping, 
dust-collecting equipment, operation 
and maintenance, etc. Covers air 
flow of various types of systems, gives 
information about filter cloths, set- 
tling chambers, etc. For the engineer 
with a dust-collection problem, this 
booklet should be of considerable 


help. 


33 @ POWER TRANSMISSION. An 
idea sheet from The Falk Corp. on 
how power transmission equipment 
can be used in the chemical process 
industries. Shows how motor reduc- 
ers, couplings, speed reducers, and 
gears can be applied to such things 
as agitators, dust collectors, auto- 
claves, kettles, and other processing 


equipment. 


34 @ NUCLEAR SAFETY ITEMS. The 
Mine Safety Appliances Co. has just 
ublished a new eight-page booklet 
isting all the approved tective 
uipment of interest to industries 
directly concerned with atomic en- 
ergy or nuclear studies. Photogra 
and details of 22 different safety 
items are included. Described in the 
booklet are respiratory protective 


uipment, air-sampling equipment, 
accessories, electrostatic 
samplers, etc. 


EQUIPMENT 


35 FLOW REGULATING VALVES. 
For handling steam and water at 
high pressure drops, and especially 
flashing condensate, a new line of 
flow regulating valves is announced 
by The Swartwout Co. Uses pro- 
jected include drainage for heaters, 
evaporator coils, process systems, 
feed pump recirculation, and others. 
Supplied in seven sizes ranging from 
1 in. to 4 in. and standard 150 to 
600 Ibs./sq. in. Models that can 
stand pressures up to 2500 Ibs./ sq. 
in. available. 


36 @ DENSITROL. A direct indicat- 
ing instrument for measuring speci- 
fic gravity has been added to the 
Precision Thermometer & Instru- 
ment Co. line of liquid density-meas- 
uring devices. Specifically designed 
to eliminate errors caused by liquid 
and gas interface in hydrometers, 
the device is totally submerged and 
can be used in continuous flow. 
Varied ranges of densities and vis 
cosities. Available in varied mate- 
rials of construction. 
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37 © PRESSURE GENERATOR. The 
Milton Roy Co. for as on test 

urposes has develo a self-con- 
aay fully automatic hydraulic 
pressure system for testing boilers, 
pressure vessels, piping systems, etc. 
Pressures up to 25,000 Ibs./sq. in. 
can be developed from a 40 Ib./sq. 
in. air pressure supply. Used also 
for pumping _ ed gases. It has 
full controls and completely portable 
units are available. 


38 @ VELOCITY CONTROLLER. A new 
proportional action velocity control- 
ler for controlling air velocities rang- 
ing from 50 to 250 ft./min., has 
been developed by Johnson Service 
Co. Primarily designed to control 
the velocity of air through doors of 
fume hoods in installations using 
radioactive materials, etc., the instru- 
ment works on the difference in pres- 
sure between two points. Extremely 
sensitive, regulator responds to pres- 
sure variations of .0001 in., water 
gage, and controls velocities within 
plus or minus 10 ft./min. 


39 @ SOLENOID VALVE. C. B. Hunt 
& Son, Inc., has just announced a 
new solenoid-operated single plunger 
valve. The valve is the usual Hunt 
valve, operates rapidly for high cycle 
requirement use. The valve is fur- 
nished in a 2- 5-way design from 
% in.-l in. sizes. It will handle air 
to 200 Ib./sq. in., and oil and water 
to 250 Ib./sq. in. The solenoid moves 
a small pilot valve plunger which 
applies air to the operating piston 
to move the main valve plunger. 


40 © HORIZONTAL PASTE MIXER. A 
60-gal. stainless steel heavy-duty 
paster, with a stainless steel ribbon- 
type spiral agitator, is announced 
by L. O. Koven & Brother, Inc. 
‘Tank is jacketed for steam heating 
and agitator, driven by a 2-hp. gear- 
head motor, moves at 87 rev./min. 


41 @ TWISTITE BIN VALVE. A bin 
valve consisting of two sections of 
flexible rubber tubing, joined by a 
rotating collar, and which is closed 
by pulli on a cable wra 
aan the collar, is new with the 
Stephens-Adamson Manufacturing 
Co. As the collar between the rub- 
ber sleeves rotates, the sleeves twist 
until they completely seal the open- 
ing. According to the manufacturers 
it is dust- and drip-tight, and is self- 
opening through the elasticity of the 
rubber sleeves which cause them to 
resume their cylindrical shape when 
the tension on the cable is released. 
The 6-in. valve is standard. Weighs 
35 Ibs. and will handle lump sizes 
up to 24% in. Requires a 30-Ib. cable 
pull for closure. Either local or re- 
mote control is possible by hand or 
motor operation. 


42 @ GAS-TIGHT DOORS. For chem- 
ical, food, products finishing, clean- 
ing, etc., the Jamison Cold Storage 
Door Co. has an insulated door with 
a gas-tight vapor-tight seal. For use 
where gases, vapors, etc., must be 
contained within a certain area. 
Door has insulation against high 
temperature; has a heat-resistant gas- 
ket and adjustable sealing bars on all 
sides of the door. 


43 @ LEVEL DETECTOR. A displace- 
ment detector and transmitter for 
giving precise control of liquid levels 
and utilizing a bellows seal, is new 
with the Minneapolis-Honeywell 
Regulator Co. Uses a forced balance 
transmitter hooked up to a detector 
unit. A steel detector cage connected 
to the vessel in which the level is 
being measured, has a floating dis- 
placer which is connected through 
yokes and levers causing the pneu- 
matic balancing bellows to be actu- 
ated. Air pressure is increased until 
it counterbalances the previous mo- 
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tion. When used in conjunction 
with a standard receiving controlling 
instrument, it controls and records 
liquid level. Full details available. 
Company indicates that one applica- 
tion will be in refinery fractionating 
towers to control rate of withdrawal 
of bottoms. 


44 @ FIRED HEATERS. Struthers Wells 
Corp. has a new standard line of 
direct-fired heaters with capacities 
from 100,000 to 15,000,000 B.t.u.’s/ 
hr. Includes indirect circulating 
heating, using heat-transfer mediums 
such as Dowtherm. Bulletin avail- 
—_ Completely automatic in con- 
trol. 


45 @ SOLVENT RESISTANT GLOVES. 
Plasticote Glove Co., Inc., offers a 
new plastic glove impervious to gaso- 
line, and in addition, resistant to 
acids, hot oils, etc. 


49 @ SULFURIC FUME FAN. Develop- 
ment of an exhaust fan designed 
especially for handling sulfuric acid 
fumes, is announced by Interna- 
tional Engineering, Inc. It is con- 
structed of stainless steel capable of 
withstanding sulfuric attack up to 
176° F. For use in chemical plants, 
steel mills, metal working shops, etc. 


50 © STIRRER-PROPELLORS. For agita- 
tion in narrow-necked flasks, Fisher 
Scientific Co. has developed a 4-in. 
stirrer-propellor of 4 blades which 
can be opened up inside the flask 
to a larger diameter propellor. 
Called the Umbrella stirrer, it is 
equipped with a 12-in. shaft and 
will fit into any stirring motor ac- 
commodating Y4-in. rods. Made of 
stainless steel. 


51 @ SAFETY VALVE. An air-control 
solenoid valve introduced by Ross 
Operating Valve Co., is designed to 
give safety to operators. Even if 
air or electrical supply should be 
interrupted the valve will move to 
a safe position. Operates with line 
pressures of 40 to 125 rot | in. 
in % in. to 1% in. pipe sizes. Valve 
incorporates all the unnes of the 
Ross valve. 


52 © SPONGE RUBBER. A_ bulletin 
on sponge rubber from The Spon 
Rubber Products Co. Gives t 
quality, grades and physical proper- 
ties as well as test data on sponge 
rubber, influence of heat in aging, 
insulating value, etc. For industries 
using this product or contemplati 
its use, bulletin will provide ee 
important data. 
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The Colonial Insulator Company, Akron, Ohio, has 
been successfully manufacturing quality porcelain prod- 
ucts since 1894. Which means they're in a position to 
recognize a good thing in the ceramics field when they 
see it. They saw it in ALCOA Alumina. 


After extensive experimental work, Colonial recently 
began producing porcelain bodies containing approxi- 
mately 15% ALCOA Calcined Alumina. The results 
were even better than expected. ALCOA Alumina not 
only lowered the coefficient of expansion and reduced 
thermal deformation, but increased resistance to abra- 
sion, thermal and mechanical shock. Colonial porcelains 
are now stronger, whiter, more impervious and dielec- 
trically superior to the old product—because of ALCOA 
Alumina. 


BUILDING 
BETTER BODIES 


WITH ALCOA 


ALUMINA 


Dipping Rubber Glove 


All over the country, successful ceramic manufacturers 
are doing great things with ALCOA Alumina. Whether 
they make abrasives or glazes, refractory bricks or 
glass, they know that by adding this uniformly pure 
aluminum oxide to their mixes, they make their prod- 
ucts better. 


For the qualities you want most in your ceramics, rely 
on ALCOA Alumina. It can make any ceramic product 

your product—the best of its kind. We'll gladly tell 
you how. Write to: ALuminum Company oF AMERICA, 
Cuemicats Division, 605c Gulf Building, Pittsburgh 
19, Pennsylvania. 


ALUMINAS and FLUORIDES 


ACTIVATED ALUMINAS CALCINED ALUMINAS HYDRATED 
ALUMIMAS + TABULAR ALUMINAS - LOW SODA ALUMINAS 
ALUMINUM FLUORIDE - SODIUM FLUORIDE - 
ACID FLUOMIDE - FLUOBORIC ACID - CRYOLITE GALLIV™ 


Vol. 47, No. 3 Chemical Engineering Progress 


7 
ae 
} 
a 
= 
ag 
J 
7 
J 

: 

a 
se 
Betatren Tube 
COA) 
4 


APPLICANTS FOR 
JUNIOR 
MEMBERSHIP 


Lothar Abraham, Cleve- 
land, Ohio 
Melvin R. Ackelsberg, 
New York, N. Y. 
Robert C. Adrian, 
dena, Calif. 
William K. Averitt, 
yette, La. 
William H. Bailey, 
cord, Calif. 
T. Bamford, 
i Mass. 
Albert Barrasso, Jr., 
Maryville, Tenn. 
Richard L. Bennett, 
Dayton, Ohio 
Edward C. Bladyko, De- 
troit, Mich. 
Beymon Blanchard, Akron, 


io 

Jack F. Boire, Charleston, 
W. Va. 

Donald H. Bolliger, St. 


uis, Mo. 
George W. Bomier, E. St. 

Louis, 
a R. Boone, Baltimore, 


James Joseph Broderick, 
Lowell, Mass. 
Harold Brunck, WNor- 


Pasa- 
Lafa- 


Con- 


Robert Bucsko, 
Dayton, Ohio 
T. Burchak, /selin, 


Robert V. Butz, Texas 
City, Tex. 

Bruno P. Castiglioni, 
Houston, Tex. 
Carlyle E. Cole, 

ash. 

Grover C. Condon, Jr., 
Baltimore, Md. 

Michael J. Connair, Penns- 
grove, N 

Vernon A. Cornell, Nor- 
walk, Calif. 

Calvin E. Cox, Jr., Mid- 
land, Mich. 

F. W. eee Jr., Pitts- 
burgh, P. 

Robert Whiting, 
Ind. 

Eric A. Douglis, Wee- 

when, N. J. 

Dallas Daniel Dupre, III, 
Akron, Ohio 

Carl M. Edelblut, Uni- 
versity City, Mo. 

James A. Ellison, Houston, 
Tex. 


Seattle, 
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John E. Ertel, Pottstown, 
Pa. 

Donald Factor, Barberton, 

° 

Gerard W. Farnan, Belle- 
vue, Del. 

William V. Fello, Baton 
Rouge, La. 

John H. Field, Charleston, 
W. Va. 

James E. Friden, Whiting, 
Ind. 

Gans, New York, 

‘Giordano, Rosedale, 

Albert J. Gnesin, Whiting, 
Ind. 

Lawrence E. Greenwell, 


Webster Grove, Mo. 
David Hacker, Chicago, 


Henry E. Haley, Houston, 
Tex. 
egeee F. Hand, St. Louis, 
Hansoti, Columbus, 
Aruba, 
Con Wilming- 


ton, Del. 

E. Webb Henderson, 
Phillips, Tex. 

Alfred M. Henke, Spring- 
dale, Pa. 

James J. Higgins, Ritt- 


man, ° 
Harry L. Hilleary, Jr., St. 
ouis, Mo. 


Rah- 
Hal Hollister, Richland, 
Wash 


ash. 

William H. Holmes, 
Seattle, Wash. 

Robert D. Hornbeck, Van- 
couver, Wash. 

Harold A. Houdek, Fort 
Dix, N. J. 

G. M. Irving, Riverbend, 
Quebec 

Anthony Morris Johnson, 
Jr., Richmond, Va. 

William G. Johnson, Grace, 
Idaho 

Harry A. Kahn, Oak Hall 
Station, Pa. 

Richard W. Kersey, Long 
Beach, Calif. 

Leon L. Kimball, Provo, 
Utah 

John F. Kinney, Atlanta, 


Ga. 
Erwin Maynard Koeritz, 
Atlanta, Ga. 


T. Lanz, St. Louis, 
Mo. 
James A. Liontas, Phila- 
delphia, Pa. 
a Litvin, Princeton, 


Charles B. Locke, Beau- 
mont, ex. 

Thomas Louie, Am- 
herst, 

Edward ‘Lynch, Gar- 
dena, Calif. 


Chester J. Malec, Brook- 


John 


Liverpool, N. 
A. Medin, 


Ohi 
Roland L. Menzl, Whiting, 
Carl F. Meyer, Philadel- 
ia, Pa. 
B. Misra, New York, 
Philip R. New 
ork, N. 
Robert J. Pitts- 
burg, Calif. 
Frederick M. Muller, Cin- 


cinnati, Ohio 
Negra, /selin, 


W. Nelson, El 
Dorado, Ark. 

Herman Dail Nies, Os- 
tende, Belgium 

Edward J. Opatken, 
Monessen, Pa. 

Vincent D. Patton, Flor- 
ence Villa, Fia. 

Morton T. Pawel, Stam- 
ford, Conn. 

A. Pd Peppard, Pampa, 


John hn H. Pickin, Newark, 


mT. G. Ragsdale, So. 
Charleston, W. Va. 

Donald Reccius, Louis- 
ville, 

Robert ‘Reynolds, Glen- 
dale, Calif. 

Richer, Beaumont, 


burg, 


Roe, 
nd. 
J. Roux, Lancaster, 


‘a. 

Fred E. Rowe, College 
Park, Ga. 

Harry T. Schultz, Brook- 


line, Mass. 


Arnold G. Schwartz, 
Newark, N. J. 

Philip A. Schweitzer, 
Bound Brook, N. J. 

Junior DeVere Seader, 

adison, Wis. 

James Thad Shider, 
Waynesboro, Va. 

Warren C. Sree Swarth- 
more, 


Tejinder Singh, Kobuta, 
Pa. 

Jack H. Sloan, Hanford, 
Cali 


Dean A. Smith, Harvey, 


Floyd Smith, Akron, 


John Sosnowski, Man- 
chester, N. H 

Richard E. Spangler, 
Bound Brook, N. J 

H. Kenneth Staffin, Me- 
tuchen, N. J. 

Clarence Steelman, Jr., Oil 
City, Pa. 

Paul E. Stein, Cactus, 


Tex. 

B. E. Steinkuhler, Spring- 

id, Mass. 

Joseph G. Sueme, Jr., 
Sappington, Mo. 

Y. S. Tang, Gainesville, 
Fla. 

Helmut E. Thierfelder, 
Philadelphia, Pa. 

Charles A. Thomas, Pitts. 
burgh, Pa. 

Edward T. Tregilgas, Jr., 
Wilmington, Calif. 

Eugene P. Tully, Midland, 


ich. 

Raymond E. Tuttle, Jr., 
Pittsburgh, Pa. 

P. Carroll Underwood, 
Kingsport, Tenn. 

Albert L. VanAmburg, Jr., 
Dayton, Ohio 

Vergilio, Bea- 


Willies. “Watkins, il, 
Morgantown, W. Va. 
Lester C. Webb, Tucson, 
Arizona 

John S. 
Somerville, N. J. 

Joseph W. Williams, Jr., 
Miami, Fla. 

C. Oliver Wimbish, Kings- 
port, Tenn. 

Irving Wolf, Chicago, 


m1. 

Walter E. 
Woodbridge, N. J. 
Richard L. Yelton, St. 

Albans, W. Va. 


CHEMICAL ENGINEER AND ATOMIC ENERGY 


fied when they do engineering, while the 
engineers who like to do engineering 
will certainly learn physics as they have 
already learned chemistry. 

When the chemical engineers have 
mastered mathematics and nuclear 
physics to the degree to which they have 
learned chemistry, there will emerge a 
new species of whom a few hardy indi- 
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(Continued from page 19) 


viduals already are born—the nuclear 
engineer. The nuclear engineer will 
compute a critical mass on one day and 
compute a cost on the next. He will 
conceive a new reactor type and will 
guide the development of new materials 
for his reactor. He will do all this 
willingly because he likes to build things 
and make them work, and he will do it 
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with understanding because he knows 
chemistry, mathematics, and 
engineering. And on him—the nuclear 
engineer—will rest the future of atomic 
energy development 


physics, 


An address presented before the Knox- 
ville-Oak Ridge Section of AJ.Ch.E., Oak 
Ridae, Tenn. 


March, 1951 
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NON-POROUS THROUGH-AND-THROUGH 


The dependability and long life of the Lapp Valve is —_ ance of this material due to a glaze. 
due to its sound design, and to the fact that itis made _In fact the “working parts” have no 
of porcelain . . . body, plug and packing rings. Nota glaze. The smooth operation and 
coating or enamel, porcelain is a dense, homogeneous, _ pressure-tight seal characteristic of 
thoroughly-vitrified ceramic, non-porous, through-and- _—Lapp Valves result from precision- 
through acid resisting. Not even is the corrosion-resist- tolerance machining... grinding and 
lapping of solid porcelain toa mirror- 

like smoothness. 
Valves and other equipment of 
Lapp Chemical Porcelain may be the 
answer to your corrosion problems. 
Write for literature. Lapp Insulator 
Company, Inc., Process Equipment 
Division, 408 Maple St., LeRoy, N.Y. 


PROCESS EQUIPMENT 
CHEMICAL PORCELAIN VALVES * PIPE * RASCHIG RINGS ie 
PULSAFEEDER CHEMICAL PROPORTIONING PUMPS 


Chemical Engineering Progress 


wait 
t 
. int 
N t i 
f 
& | 
| 
a Vol. 47, No. 3 ee Page 41 


KANSAS CITY MEETING 


(Continued from page 18) 


and 10,000 separate serial titles, Linda 
Hall Library is a complete and conven- 
ient source of technical information. 
Midwest Research Institute was founded 
in 1944 as a nonprofit organization with 
the primary function of aiding in the 
industrial development of the Midwest 
region. 

Kansas City and vicinity offer many 
extracurricular attractions to those at- 
tending this special meeting. In addi- 
tion to numerous planned plant tours, 
there are available for both registrants 
and their wives, such facilities as the 
William Rockhill Nelson Art Gallery, 
Kansas City Museum and numerous 
points of historical interest. The Muni- 
cipal Auditorium and its Music Hall 
present current plays, musical programs, 
and athletic events. The Country Club 
District is a world-renowned residential 
district whose beauty will be at its peak 
in May. Vacation areas of the Ozarks 
lie within easy driving distance to the 
south. Finally, as a special inducement 
for wives to accompany their husbands 
to the meeting, Kansas City is one of 
the outstanding centers of the nation 
for the manufacture of ladies’ wearing 
apparel. 


VIRUS KILLER MADE 
FROM ACETYLENE 


\t a press conference held last month, 
General Aniline and Film Corp. an- 
nounced the development of a new sub- 
stance which, based on tests to date, 
appears to be an effective and safe virus 
killer. 

Called 
line, 


PVP-iodine by General Ani- 
the substance combines iodine with 
poly vinylpyrrolidone. 

The latter chemical has been in the 
news in the past few months because, 
based on its use by the Germans during 
World War II, it is known to be a 
superior substitute for blood plasma. 

In combination with iodine, PVP acts 
as a detoxifier without destroying its 
high efficiency as a viruscide or germi- 
cide, according to Dr. Cary R. Wagner, 
General Aniline vice-president. “Physi- 
cians have known for many years,” Dr. 
Wagner said, “that iodine possessed 
most of the qualities needed to combat 
a variety of germs and_ especially 
viruses, but its high toxicity when taken 
into the system prevented its use. Even 
its external applications have been re- 
duced because it’s a strong irritant and 
often results in severe burns. Our tests 
are not conclusive and more clinical 
study will be required, but the results 
so far have been most encouraging.” 
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Polyvinylpyrrolidone is a product of 
actylene chemistry. Based on techniques 
originated by Dr. J. W. Reppe, an I. G. 
Farben chemist in Germany, General 
Aniline research men carried out high 
acetylene reactions in the company’s 
central research laboratories in Easton, 
Pa., and in 1949 a new plant was opened 
at Grasselli, N. J., where acetylene de- 
rivatives, including PVP have since 
been made on a semi-commercial basis. 

These facts were brought out at a 
recent conference at which Dr. Herman 
A. Shelanski, a General Aniline con- 
sultant, stated that his investigations 
prove that PI’P-iodine is more effective 
than iodine alone in treating bacterial 
infections, is virtually nonirritating, 
toxicity greatly diminished and no sen- 
sitivity is produced. Dr. Wagner stated 
that research is continuing on an accel- 
erated schedule. 


PETROCARB EQUIPMENT, 
INC., ORGANIZED 


Petrocarb Equipment, Inc., 30 Vesey 
Street, New York 7, N. Y., was recently 
incorporated under Delaware laws to 
specialize in high-temperature equip- 
ment and refractory constructions for 
the process industries including hydro- 
carbon and certain metallurgical opera- 
tions. 

At the initial meeting of the board of 
directors Arthur A. Turner was elected 
president; Kenneth W. Stookey and 

*. A. Stokes, vice-presidents, and Jo C. 
Calhoun, treasurer. 

Mr. Stokes, a member of A.I.Ch.E., is 

director of research of Godfrey L. 


Cabot, Inc., Boston, Mass. 


ALCOA EXPANDS 
ALUMINUM PLANT 


Alumina production will be approxi- 
mately doubled by March 15 at the East 
St. Louis works of Aluminum Ore Co., 
D. H. Tilson, works manager, said re- 
cently. Aluminum Ore Co. is a wholly 
owned subsidiary of Aluminum Com- 
pany of America (ALCOA). An im- 
mediate increase of 50 per cent has put 
the plant halfway toward its mid-March 
goal, Mr. Tilson added. The East 
St. Louis plant-expansion program will 
cost more than $500,000. 


COMPUTING MACHINERY 
MEETING IN DETROIT 


A joint meeting of the Association 
for Computing Machinery and the In- 
dustrial Mathematics Society is sched- 
uled for March 27 and 28 at Wayne 
University, Detroit, Mich. There will 
be papers on both analogue and digital 
machines and on their scientific, engi- 
neering, and business applications, to- 
gether with a display of components. 
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MARGINAL NOTES 
(Continued from page 34) 


ber of pages, and the difficulty of ob- 
taining such information, for anyone in 
the field. 

Apparently all important information 
about the toxicological effects that is 
important, is included here and it is a 
report on investigations which began in 
1942 under the auspices of the Man- 
hattan Project. 

The second volume is, “Analytical 
Chemistry of the Manhattan Project.” 
Editor in Chief is Clement J. Rodden 
of the New Brunswick Laboratory of 
the U. S. Atomic Energy Commission. 
It has an impressive board of editors, 
and this volume is one of the series of 
Division VIII of the N.N.E.S. on the 
Manhattan Project. 

This volume is divided into two parts, 
the first concerned with the determina- 
tion of individual elements, and the sec- 
ond deals with general instrumental 
methods. It is well illustrated and does 
cover not only the uranium but also the 
determination of other elements in the 
presence of uranium and uranium salts. 


The Condensed Chemical Dictionary. 
Fourth Edition. Francis M. Turner, 
Editorial Director. Revised and En- 
larged by Professor and Mrs. Arthur 
Rose, pate College, Pa. Reinhold 
Publishing C 
(1950) 726 pp. 

FOURTH edition of The Con- 

densed Chemical Dictionary, which 
has been revised and enlarged by Pro- 
fessor and Mrs. Arthur Rose brings to 
the chemical industry an edition which 
lists 23,000 descriptions of industrial and 
other chemicals. 

The new edition has 5000 new items 
and the section on chemical specialties, 
meaning those items sold under trade or 
brand names, has been expanded con- 
siderably. 

The listings are alphabetical, and for 
the most part each chemical has detailed 
properties, grades, how shipped, uses, 
and the shipping regulations if any 
exist. 

The original edition of this dictionary 
was issued in 1919 and this makes only 
the fourth revision since that time. The 
edition prior to this came out in 1942. 


Books Received 


The Polarogra Method of Analysis. 
Otto H. . Chemical Education 
Publishing Co., Easton, Pa. No. 2 in 
Series of Contributions, C8 Chemical 
Education. Second revised 

and augmented. 2 209 pp. 


The Phase Rule and Heterogeneous 
Equilibrium. John E. Ricci. D. Van 
a Co., Inc., New York. 505 

12.00. 


ew York, N. Y. 
10.00 
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LD-DESIGNED! 


FIELD-PROVEN! 


ANNIN DOMOTOR 


CONTROL VALVE 
Representing The Greatest : 


Control Valve Improvement 
of The Century. 


Consistently ..-Annin Domotor Valves Improve Performance and Save Money 
In Every Industry! When you specify Axxixn Domoror Valves you get the 
benefits of a revolutionary, but thoroughly field proven and accepted, valve design 
that brings you greater benefits than ever before possible. In many industrial 
applications, a new standard of valve performance has been made possible 
—opening an entirely new field for instrumentation engineers and control valve 
buyers alike. ANNIN VALVES SAVE MONEY because they make possible 
simplified maintenance, reduced inventories, greater utilization. It'll pay you 
to investigate ANNIN Valves for yourself. Send for an ANNIN Bulletin today! 


SINGLE SEAT — provides” 
tight shut-off ond preci- 
sion control. 


SPLIT-BODY CONSTRUC. 
TION — simplifies mointe- 
nance, reduces weight, 
lowers first cost. 


INTERCHANGEABLE 
FLANGES — increase flexi- 
bility, reduce inventories. 


SMOOTH, POSITIVE AC- 
TION —BOTH WAYS! 
Gives precision fluid con- 
trol, greater stability. 
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DIRECTIONAL FLEXI- 
BILITY — provides even 
greoter application flexi- 
bility without odditional 


THE ANNIN COMPANY 3500 UNION PACIFIC AVE, LOS ANGELES 23, CALIF. 
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E.jJ.c. W , 
IN CHLORINATION... 


Engineers’ Joint Council at a meeting 
late in January approved plans for a 
3 campaign to raise $100,000 from busi- 
S/MPLE Way ness and industry to publicize the func- 
tion of engineers in today’s industry. 
Engineers’ Joint Council Manpower 


e 7 Commission will use the funds solicited 
a@ BEST We to accomplish three main objectives : 
(1) to overcome future shortages of 
engineering graduates by increasing 
enrollments in engineering schools, (2) 
to assure better utilization of present 
engineering manpower by alerting em- 
that use Builders Visible Flow Chlorinizers profit ot 
in many ways by their unique simplicity. These chlorine gas feeders are government bodies in order to assist 
easy to understand, easy to operate, easy to service. Chlorination — in the conservation of engineering 
whether manual, semi-automatic, program, or flow-proportional — is a eos. 
safe, dependable operation when it’s handled by Builders Chlorinizers. _ The commission has plans for expan- 
They are easily serviced by any competent mechanic and individual parts sien which call for an Executive Com- 
and sub-assemblies are easily replaceable. For complete information 
. commission member from each partici- 
and Bulletins, address Builders-Providence, pating society, an editorial committee 
Inc. (Division of Builders Iron Foundry), composed of seven members, and a de- 
419 Harris Ave., Providence 1, R. |. velopment committee of six whose func- 
tion will be to raise necessary funds. 
BUILDERS mokes a complete line of flow | E. G. Bailey is temporary chairman 


he: of the E.J.C. Commission which has 
meters and controllers for liquids, steam, placed itself at the disposal of the 


air, gas, and dry materials . . . mechani- Scientific Manpower Advisory Commit- 
cal and differential . . . including The tee of the National Security Resources 
Venturi Meter and Chlorinizers (chlorine Board. 


Installation ot R. |. State San- 
HWorium, Wollum loke, |. 


1950 Report Issued 


A major accomplishment of the year 
| 1950 was completion of a survey of 
selected engineering personnel for the 
| national military establishment. A con- 
tract was made between the Office of 
| Naval Research and A.S.M.E. to con- 
| duct the survey under the general super- 
vision of the E.J.C. Committee on Sur- 
vey of Selected Engineering Personnel. 
| Data were secured on 63,689 engineers 
of high standing, classified according to 
253 specialties in which they are com- 
petent and ten major activities in the 
engineering field in which they are en- 
gaged. The records, forwarded to 
Washington, will probably be of value 
in the selection of key personnel by the 
military establishment and other agen- 
cies concerned with the security of the 
nation. Another activity of E.J.C. was 
embraced in the report of the Water 
Policy Panel, iSsued in June. 


These and other accomplishments, 
notably the “Science Legislation Panel” 
which was instrumental in seeing that 
engineers were given proper represen- 
tation on the National Science Founda- 

tion Board, give suggestions of definite 
BUILDERS-PROVIDENC E [eaterar) progress heightened by detailed accounts 
of the various committee activities 
during 1950. 
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SECRETARY’S REPORT 
S. L. TYLER 


HE Executive Committee met at the | 

office of the Secretary Feb. 9 with | 
all members in attendance. The Minutes 
of the two previous meetings of the 
Executive Committee were approved | 
and the Treasurer’s Report for the 
month of January received and studied. | 
Upon recommendation of the Committee | 
on Admissions those applicants whose | 
names were listed in the January issue | 
of Chemical Engineering Progress were 
elected to the grades as indicated. In 
addition to the applicants whose names 
were printed, 555 Student members were 
elected bringing the total of Student 
members to 2,265. The following addi- 
tions to committee personnel were ap- 
proved: Local Sections—W. T. Read 
( National Capital) ; Membership—B. J. 
Duffy to replace H. H. Young; Program | 
—G. Skaperdas. 

R. S. McBride was appointed Insti- 
tute representative to the American 
Documentation Institute with F. J. 
Van Antwerpen as alternate. Eight 
resignations were accepted. The name 
of Elbert E. Moore, a 1950 Junior mem- 
ber, was added to the Suspense List as 
he entered the Armed Services recently. 
J. G. Vail and C. M. A. Stine were ap- 
pointed as Institute representatives to 
attend the Fifty-fifth Annual meeting of 
the American Academy of Political and 
Social Science to be held in Philadel- 
phia, April 6 and 7. It was voted that 
a subscription to Chemical Engineering 
Progress be given to winners of the first 
and second prizes at regional student 
chapter conferences. 

The Council of the Institute met on 
Feb. 9 at The Chemists’ Club, New 
York. After approval of Minutes, J. H. 
Perry, chairman, Public Relations Com- 
mittee, reported on activities of his com- 
mittee especially on a proposed question- 
naire to be sent to the membership. This 
matter was discussed thoroughly but no 
decisions were made and it will be made 
an item of business at future meetings 
of Council. 

J. C. Elgin, chairman, Constitution 
and Bylaws Committee, attended the 
Council meeting to present a proposed 
drait of bylaws and to participate in 
discussion. It is hoped that a final draft 
of the bylaws will be presented to Coun- 
cil in the near future and that this will 
be approved. 

Secretary presented letter from the 
Engineering Manpower Commission of 
Engineers’ Joint Council requesting the 
underwriting on the part of this Insti- 
tute of its share ($1,476) of an $18,000 
estimated initial expenditure of the 

(Continued on page 53) 


Vol. 47, No. 3 


The heat transfer medium for high temperatures 


DowrTuerM is efficient! Dowrnerm, with a high 
coefficient of heat transfer, speeds heating and 
minimizes equipment size. 

DowruerM provides flexibility within the operating 
range. Heat supply to several units at different 
temperatures is possible, if desired. It also provides a 


‘high uniformity of heat control, preventing hot 


spots and local overheating of your product. 


If your operations require precise heating in the 

300-750° F. ‘range, write to Dow for complete 

information about DowrHerm. 

THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 
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GRADUATE EDUCATION IN CHEMICAL 


ENGINEERING 


GEORGE GRANGER BROWN 


Chairman, Chemical Engineering Education and Accrediting Committee, A.I.Ch.E. 


OR some years serious consideration 
has been given to the question of 
grading or accrediting schools for 
graduate instruction in engineering. The 
Education Committee has been charged 
by the A.I.Ch.E. Council to consider 
this matter and the Schools Committee 
of the Engineers’ Council for Profes- 
sional Development has a special sub- 
committee for this purpose. Before 
coming to any conclusion in this matter, 
the Chemical Engineering Education 
and Accrediting Committee of A.I.Ch.E. 
held an open forum on graduate educa- 
tion in chemical engineering at the an- 
nual meeting of the Institute at Colum- 
bus Dec. 3, 1950... This forum was at- 
tended by some four- or five-hundred 
men representing education and indus- 
trial activities. “The discussion was 
opened by comments from: Prof. Alfred 
H. White, emeritus chairman, depart- 
ment of chemical engineering, Univer- 
sity of Michigan and a Past President 
of the Institute; Dr. Thomas H. Chilton, 
technical director, engineering depart- 
ment, Du Pont Co., and President-elect ; 
Prof. Walter G. Whitman, head, depart- 
ment of chemical engineering, Massa- 
chusetts Institute of Technology; Dr. 
Marvin C. Rogers, director of research, 
The R. R. Donnelly and Sons Co., 
Chicago. (For a summary of their re- 
marks see Chemical Engineering Pro- 
gress, Jan. 1951, p. 16, News Section.) 
The discussion was focussed around 
the objectives of graduate instruction 
in chemical engineering and the mini- 
mum requirement that should be met 
for satisfactorily accomplishing these 
objectives. A large number of those 
present participated in the discussion of 
the points raised. As a result of the 
full discussion and a show of hands, 
the following statements were accepted 
unanimously by this group, except in the 
case where an exception is noted: 


Objectives of Graduate Instruction in 
Chemical Engineering 


1. To develop power in applying science 
to engineering problems. 

2. To develop the student's ability to do 
creative work, to tackle new problems 
in design or research and arrive at 
an acceptable solution which should 
be presented as a report or as a thesis. 
To provide more thorough grounding 
in the technology of chemical engi- 
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An important and hard-working 
committee of the A.LChE. is 
that on Chemical Engineering 
Education and Accrediting. It 
acts as a watchdog on standards 
and performance, and as a guide 
for schools that need help. Ac- 
crediting of chemical engineering 
curricula was begun by the In- 
stitute in 1925, some seven years 
before the Engineers’ Council for 
Professional Development came 
into the field. Now it is faced 
with an important question—shall 
graduate programs be accredited 
also? Here George Granger 
Brown, former President of the 
A.LCh.E. and chairman of its 
Accrediting Committee and chair- 
man of the department of chemi- 
cal engineering at the University 
of Michigan, gives a complete 
résumé of developments up to 
now. 


neering and fundamental sciences and 
become a master of some part of the 
broad field of chemical engineering 
To inspire the student to become an 
active leader and develop professional 
mitegrity 


Minimum Requirements of a Graduate 
Curriculum in Chemical Engineering 


In order to accomplish the above it 
was considered necessary that the fol- 
lowing conditions be met: 


1. Admission of properly equipped indi- 
viduals only 

2. The staff must be jealous of its 
standards and insist upon high 
standards of performance on the part 
of the students, including reading, 
writing, and speaking as evident in 
reports, examinations, recitations, and 
speeches, and skillful human relations 
as evident in their daily lives. 
Members of the staff must themselves 
represent those qualities desired in 
the students 
Graduate program must include some 
research, design, or original project 
work wherein the student does crea- 
tive technical work of his own. 
An adequate number (at least two) 
members of the staff should be ac- 
tively engaged in high quality creative 
work of professional caliber in addi- 
tion to their teaching activities 
The Master’s degree represents pri- 
marily graduate work conducted on a 
higher level than that required for the 
satisfactory completion of an under- 
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graduate program. (A small minor 
ity, less than 3% of those present, 
thought a Master's degree might re- 
present the satisfactory completion of 
undergraduate work in fields or sub- 
jects other than those perused by the 
student as an undergraduate. This 
group thought a proper object of the 
Master’s program was to “round out” 
the students in this manner). The 
statement as accepted does not pre 
clude or eliminate advanced work in 
physics, mathematics, or other cog 
nate subjects which may be required 
as senior courses of other students 
majoring in these fields as under 
graduates, but such work of an un 
dergraduate caliber should be a mimi 
mum and only that necessary for the 
student to continue these subjects at 
the graduate level. 

Strong graduate programs in the 
physical sciences should also be avail- 
able at the institution as basic support 
for the graduate program in chemical 
engineering 

The graduate program must not be 
rigid but should be designed to fit the 
requirements of the student. The suc- 
cess of the program is to be measured 
in terms of the end result and not by 
any particular grouping of courses. 
The undergraduate curriculum should 
be fully accredited. 

The over-all environment, facilities 
and teaching load should be such as to 
supply the inspirational environment 
required. 


Two further thoughts have been sub- 
mitted which should be considered in 
connection with the objectives of grad- 
uate education. 


1. To develop in the student the habit 

of mentally screening each idea or 
problem for its major variables and 
their order of magnitude, thereby de- 
veloping a basis for sound engineer- 
ing judgment. 
To stimulate the student to continue 
his studies through purposeful use of 
his leisure time throughout his life. It 
may not be feasible for him to find 
collaborators in technical studies, but 
there are few places where a group 
of individuals cannot be found who 
are glad to study social, literary, or 
other subjects of common interest. 
Such activities will make the indi- 
vidual a better citizen and fit him for 
wider responsibilities. 


These matters are brought to your at- 
tention as indicating the current think- 
ing and the area of the agreement re- 
garding graduate education in chemical 
engineering. 
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‘Here is the valve 
‘that Fevolutionized flow control 


Acid... 


HILLS-McCANNA 
Saunders Patent 
DIAPHRAGM - 

VALVE 
with 
PLASTIC 

DIAPHRAGM 


= acid up to 66° Bé can now be valved without leak- 
ages or sticking . . . with Hills-McCanna Diaphragm 
Muueemmnequipped with the new L-] plastic diaphragms. This 
Waeeaerelopment combines the tried and proved Saunders Pat- 
ent clamp principle with a diaphragm of a special type of 
; = is particularly resistant to concentrated sulphuric acid. 
Dicphragm Valves with L-1 diaphragms are 
Seeeeaeee for temperatures up to 125° F. and pressures up to 100 
from thru 4” are available, handwheel operated, 
"eeepening (lever operated) and sliding stem models. Choice 
Suey SO body materials or linings including cast iron, cast 
or glass lined. 


is available describing Hills:McCanna Valves with 
@eeeem their use for acid and other services. Write for your 
@ullining the nature of your application. HILLS-McCANNA 
“AQMPANY, 2438 W. Nelson St., Chicago 18, Ill. 

valve illustrated in cut-a-way above is the Hills-McCanna 
semi-sealed bonnet acid valve with L-1] plastic dia- 
peregm and tell-tale travel stop indicator. Valves of this type 
wiemmome furnished where particularly rigid safety precautions 
Be taken. 


HILLS-M‘CANNA CO. 
saunders patent 
diaphragm valves 


Also manufacturers of — Proportioning Pumps 
Force-Feed Lubricators ° Magnesium Alloy Castings 
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‘LOCAL SECTION 


OKLAHOMA 


A meeting of this section was held 
Feb. 15, 1951, in the McKinley School 
Auditorium, Bartlesville, Okla. N. K. 
Anderson, director of the research and 
development department, Deep Rock Oil 
Corp., gave an address on “Problem of 
Research in a Small Organization.” Dr. 
Anderson discussed the problems of re- 
search and development in a small com- 
pany and stated that the small companies 
could profitably pursue small outlets of 


| specialty products and utilize small 


quantities of by-products. The speaker 


| emphasized that the future of research 


and development work in the smaller 


| organization was in these small quantity 
| special product markets and not in try- 


ing to compete with the large companies 
for the large volume markets. 
The 1951 officers of this section are: 


Chairman—H. L. Hays, Phillips 
Chemical Co. 
Vice-Chairman—C. R. Ringham, Phil- 
lips Petroleum Co. 
Secretary-Treasurer—D. H. White, 
Phillips Petroleum Co 
Executive Committee—F. H. Poett- 
mann, Phillips Petroleum Co. ; Virgil 
Scarth, Phillips Petroleum Co., and 
other officers listed 
Reported by H. UW’. Barber 
and D. H. White 


PHILADELPHIA- 
WILMINGTON 


The fourth meeting of the 1950-51 
season was held at the Clubhouse Hotel, 
Chester, Pa., Feb. 13, 1951. The dinner 
was attended by 58 members and guests, 
and approximately 100 persons were 
present for the meeting that followed. 

The speaker of the evening was 
Robert T. Sheen, president of the 
Milton Roy Co., who discussed “Auto- 
matic Control of Liquid Flow with 
Controlled Volume Pumps.” Following 
the talk, Mr. Sheen showed some 
Kodachromes of the Texas City disaster 
and of an airplane trip over the Grand 
Canyon of Colorado. 


Reported by W. E. Osborn 


SOUTHERN CALIFORNIA 


Officers of this section now serving 
are as follows: 


Chairman—I. C. Bechtold, Fluor Corp., 
Ltd. 

Vice-Chairman—F, J. Lockhart, Uni- 
versity of Southern California 

Secretary-Treasurer—G. RB Lake, 
Union Oil Company of California 

Program Chairman—S. G. Sevougian, 
Dow Chemical Co. 


Reported by Gale S. Peterson 
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FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 


Chairman of the AI.ChE. Program Committce 


Walter E 


Lobo 


The M. W. Kellogg Co 
225 Broadway, New York 7, N. Y. 


MEETINGS 


Kansas City, Mo., Hotel President, 
May 13-16. 1951. 

Technical Pregram Chairman: 
Walter W. Deschner, J. F. 
Pritchard Co. Kansas City, Mo. 


Rochester, N. Y., Sheraton Hotel, 
Sept. 16-19. 1951. 

Technical Program Chairman: D. E. 
Pierce, General Aniline & Film 
oe 230 Park Ave., New York. 


Annual — Atlantic City, N. J., 
Chalfonte-Haddon Hall Hotel, 
Dec. 2-5, 1951. 

Technical Program Chairman: 
Frank J. Smith, Pan American 
Petroleum & Transport Co., 122 
East 42nd St., New York 17, N. Y. 


Atlanta, Ga., Feb. 17-20, 1952. 

Technical Program Chairman: H. E. 
O'Connell, Ethyl Corp., Box 341, 
Baton Rouge, La. 


French Lick, Ind, French Lick 
Springs Hotel, May 11-14, 1952. 
Technical Program Chairman: W. 
W. Kraft, The Lummus Co.. 385 

Avenue, New York, 


Chicago, Ill, Palmer House, Sept 
4-6, 1952. 


Annual — Cleveland, Ohio, Hotel 
Cleveland and Carter Hotel, Dec 
7-10, 1952. 

Technical Program Chairman: R. L 
Savage, Dept. Chem. Eng., Case 
Inst. of Tech., Univ. Circle, Cleve 
land 6, Ohio. 


SYMPOSIA 
Reaction Kinetics 
Chairman: B. W. Gamson, Great 
Lakes Carbon Corp., 333 N. Mich 
Blvd., Chicago, Ill 
Meecting—Kansas City, Mo. 


Safety in Chemical Plant Oper- 
ations 

Chairman: Matthew M. Braidech, 
172 High St., Hastings-on-the 
Hudson, N. Y. 

Mecting—Kansas City, Mo. 


Light Hydrocarbon Processing 
Chairman: Harold Legatski, 1532 
Osage Ave., Bartlesville, Okla 

Mecting—Kansas City, Mo 


The Effect of Company Finances 
on Engineering Expansion 

Chairman: J. R. Riley, Jr.. 610 
Dwight Bidg., Kansas City, Mo. 

Meeting—Kansas City, Mo. 


Maintenance 

Chairman: D. E. Pierce, General 
Aniline & Film Corp., 230 Park 
Ave., New York, N. Y 

Meeting—Rochester, N. Y. 


Industrial Applications of Photog- 
raphy 

Chairman: Carl Gath, Eastman Ko- 
dak Co. Kodak Park Works, 
Rochester, N. Y. 

Mecting—Rochester, N. Y. 


Opportunities in Sales for Chemi- 
cal Engineers 

Chairman: L. P. Scoville, Jefferson 
Chem. Co. 711 Fifth Ave., New 
York 22, 

Meeting—Atlantic City, N. J. 


Vacuum Engineering 
W. Kraft, The 
Lummus Co., 385 Madison Ave- 
nue, New York, N. Y. 
Meeting—French Lick, Ind. 


Chemical Engineering Funda- 
mentals 

Chairman: W. C. Edmister, Chem 
Eng. Dept. Carnegie Inst. of 
Tech., Pittsburgh 13, Pa. 

Meeting—Atlantic City, N. J. 


MOTOR 


STEPS UP 
MACHINE OUTPUT 


WWWPG 


“4 


VARIDRIVE 
MOTOR 


INCREASES PRODUCTION 
10% — 20% —30% OR MORE 


Varidrive will give your powered equip- 
ment any and every speed needed right 
up or down to a split rpm. No external 
earing. Simply turn the control handle 
‘or. instant speed selection. Speed can 
be regulated to compensate for varia- 
tion in operator's ability—or to obtain 
correct rhythm of movement. Varidrive 
speeds compensate for changes in vis- 
cosity, temperature, line-flow or size of 
work handled You get maximum out- 
put and better quality 


2 TO 10,000 RPM 


“As slow as a snail or fast 
as a flash? or any in- 
between speed, enables 
you to get miracle per- 
formance out of your 
machines with Varidrive. 


Uy 2 a Select speed ranges up to 
Authors wishing to present papers at a scheduled meeting of the A.LCh.E. 10:1 variation. Sizes... 
should first query the Chairman of the A.I.Ch.E. Program Committee, Walter 
E. Lobo, with a carbon copy of the letter to the Technical Program Chair- 
man of the meeting at which the author wishes to present the paper. Another 
carbon should go to the Editor, F. J. Van Antwerpen, 120 East 41st Street, 
New York 17, N. Y. If the paper is suitable for a symposium, a carbon of the 
letter should go to the Chairman of the Symposia, instead of the Chairman of 
the Technical Program, since symposia are not scheduled for any meeting until 
they are complete and approved by the national Program Committee. Before 
authors begin their manuscripts they should obtain from the meeting Chairman 
a copy of the Guide to Authors, and a copy of the Guide to Speakers. The 
first book covers the preparation of manuscripts, and the second covers the 
proper presentation of papers at A.I.Ch.E. meetings. Presentations of papers 
are judged at every meeting and an award is made to the speaker who delivers 
his paper in the best manner. Winners are announced in Chemical Engineering 
Progress, and a scroll is presented to the winning author at a meeting of his 
local section. Since five copies of the manuscript must be prepared, one should 
be sent to the Chairman the symposium and one to the Technical Program ae oe : 
Chairman of the meeting, or two to the Technical Program Chairman if no 
symposium is involved and the other three copies should be sent to the Editor's 
office. Manuscripts not received 70 days before a meeting cannot be considered. 


Interesting Bulletin full of 
facts proving big sovings you 
con moke with Voridrive 


U. Electrical Motors, Inc. 
200 E. Slauson Ave., Los Angeles M4, Calif. 
or Milford, Conn. | 
! 


Send Varidrive Bulletin 
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AT WHAT STAGE 

IN PROCESS PLANNING 
SHOULD YOU CONSIDER 
DRYING EQUIPMENT ? 


The time to seriously consider the selection of drying 
equipment is the moment you realize that your process is 
going to involve drying. Long experience in working with 


company after company has proven that drying equipment is one 
of the most important links in the processing chain . . . and 
that the most economical designs result from early consideration 
of drying as an integrated link in an over-all process. 


Dryer design is dependent upon a number of factors. . . 

the capacity desired and physical characteristics of the product 
being the two chief considerations. In studying any given problem, 
Proctor engineers may recommend that to obtain a desired 
capacity, the product be delivered to the dryer in a certain 

state .. . and this may govern the type of preliminary equipment 
that is required. Then too, the characteristics of the dried 

material may affect the type of subsequent equipment you will 
need. That is why it is advisable to consider the problem—as a 
whole and early—rather than select your equipment piece by piece. 


For an interesting booklet that explains how early 
consideration of your drying problem can guarantee the 
performance of drying equipment write for Bulletin #343. For 
more information of Proctor Drying 

Equipment for the Process Industries 

ask also for Bulletin +361. 


SYMPOSIUM—ION 
EXCHANGE 


A symposium on “The Industrial Ap- 
plication of Ion Exchange” will be held 
at the Mellon Institute, Pittsburgh, Pa., 
April 20, 1951. Sponsors of this one- 
day meeting are the Akron, Central 
Ohio, Cleveland, Ohio Valley, Toledo, 


| and Pittsburgh sections of A.L.Ch.E. 


General chairman and co-chairman, re- 
spectively are R. S. Rhodes and A. J. 
Abrams, both of Koppers Co., Inc., 
Pittsburgh. 

Seven papers are scheduled for the 
morning and afternoon sessions, high- 
lighting historical and technical devel- 
opments in ion exchange, and describing 
specific industrial applications. 

The history of ion exchange will be 


| traced by O. M. Elliott, Sun Oil Co., 


Toledo, and another paper will describe 
the development of ion-exchange resins. 
Robert Kunin, Rohm and Haas, Phila- 
delphia, will review recent developments 
in the industrial application of ion ex- 


| change. Two papers will detail specific 


industrial applications, including a dis- 
cussion by F. K. Lindsay, National 
Aluminate Co., Pittsburgh, on the pre- 
cise conditioning of boiler feed water; 
the purification of organic chemicals 


| will be described by A. E. Reents, IIli- 


nois Water Treatment Co., Rockford, 
Ill. Domestic applications of ion ex- 
change include a paper by H. E. Otting. 
M. and R. Dietetic Laboratories, Colum- 
bus, Ohio, on the manufacture of special 
milk products, and a speaker from the 
Culligan Co., Pittsburgh, will discuss 
domestic water-softening problems. 
Registration for the meeting will take 
place April 20 at Mellon Institute; pre- 
meeting application information is avail- 
able from James R. West, Mellon Insti- 


| tute, 4400 Fifth Avenue, Pittsburgh 13, 


Pa. Registration is $2.00 per person and 
the luncheon fee is $2.50. Hotel reser- 
vations may be made with Hotel Web- 
ster Hall, Pittsburgh. 


Reported by H. L. Kellner 


NEW JERSEY 
The fifth meeting of the 1950-51 sea- 


| son was held at the Standard Oil Devel- 
| opment Co., auditorium in Linden, N. J.. 
| with approximately 200 present. 


Thomas Chilton, President of 
A.1.Ch.E., and technical director, devel- 


| Opment engineering division, engineer- 


ing department, Du Pont Co., presented 
a Certificate of Merit awarded to A. E. 
Lindroos who had received honorable 
mention at the Minneapolis meeting ot 
the Institute for his presentation of the 
paper, “Phase Equilibria in the System 
Nitrogen-Ammonia at High Pressures.” 


Dr. Chilton then spoke to the section on 
| “Units—Scientific and Technical.” 


PROCTOR & SCHWARTZ, INC* 630 TABOR ROAD > PHILADELPHIA 20+ Reported by E. P. Foster 
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DETROIT JUNIOR GROUP 


At this group’s regular monthly meet- | 
ing held Feb. 7 in the Junior Room of | 


the Rackham Memorial, W. L. Badger, 
consulting chemical engineer, W. L. 
Badger & Co., gave a talk entitled, “Re- 
cent Developments in Evaporators.” 
According to Mr. Badger, evaporator 
design has now been reduced to three 
general types. They are 

1. Vertical short-tube immersed evapo- 

rators 


. Long-tube natural-circulation evapo- 
rators 


3. Forced-circulation evaporators. 


The old caustic pot is on its way out, 
he said, but added that in the future 
caustic finishing will be by continuous 
processes, such as the Dowtherm instal- 
lation. The most promising of the re- 
cent developments, he stated, are the 
Rosenblad and the Sextuple-effect sys- 
tems both developed in Sweden to con- 
centrate sulfite waste liquor. 


Reported by W. W. Jones 


CHEMICAL ENGINEERS 
CLUB OF WASHINGTON 


The meeting on Jan. 29 featured a 
talk by Thomas P. Forbath of the 
Chemical Construction Co. on “New | 
Methods of Sulfur Recovery.” About | 
70 members and guests attended. Dr. 
Forbath pointed out that our supply of 
pure sulfur will last only 12 to 15 years. 
He described a new process for recov- 
ering high purity sulfur from sulfur- 
containing minerals. Key to the new 
process is a gangue separator in which 
molten sulfur is separated from other 
materials. 


Reported by D. P. Herron 


KANSAS CITY 


The annual election of officers for 
this section was held at the Cross Roads 
Inn, Jan. 24. They are as follows: 


Chairman ....+S. A. Miller 
Chairman-elect -H. H. Young 
Secretary ..P. R. Duckworth 
Treasurer...--........K. L. Pearson 


Executive Committee....Fred Kurata 
and I, E. Miller 


Following the election an informal | 
discussion was carried on regarding the 
plans for the May, 1951, meeting to be 
held in Kansas City. 


Reported by I. E. Miller | 
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if FUNCTION 
is your objective... 


= Readco Heavy Duty Ribbon Mixers from all angles. They are 
of sturdy all-welded construction with structural steel supports. 


Positive operating flush discharge gates eliminate dead spots in the 
mixing bowl. They ore quickly opened, readily cleaned, and provide 
controlled discharge. 

Accurately proportioned ribbons and limited clearance between ribbons 
ond shell eliminate the pile-up of materials at any point. The formation 
of troublesome agglomerates is eliminated by the limited clearances 
and spray manifolds, in which liquids are completely atomized and 
sprayed into the batch in specified amounts at a constant rate. 

The efficient spray manifolds provide complete incorporation of liquids 
and shorten mixing cycles. 

The all-welded agitator is easily cleaned and removed from the mixer. 
It is mounted in outboard anti-friction bearings which are independent 
of packing glands. 


High or low-pressure jackets, and hinged or stationary vacuum covers 
with adequate charge and inspection openings, are optional. Removable 
and slotted end type mixers are available. 


Readco mixers are built in all sizes. 


READ MACHINERY DIVISION 
of The Standard Stoker Company, Inc. 


Main Office and Plant: YORK, PENNSYLVANIA 


LOS ANGELES, CALIFORNIA 


Standerd Stoker Plant 
ERIE, PENNSYLVANIA 
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DISSOLVE 


— 


FASTER DISSOLVING ... 


Write 
The PATTERSON 
FOUNDRY AND MACHINE CO. 


East Liverpool, Ohio, A. 


The Patterson Foundry & Machine 
Company, (Canada Ltd.) 
Toronto, Caneda 


Hazardous 


| tages of 


EAST TENNESSEE 


The 28th general meeting of this 
section was held Feb. 6 at the Tennessee 
Eastman Co., Kingsport, Tenn. Ap- 
proximately 45 members and guests 
were present. Harold Crouch, process 
safety engineer, Eastman Kodak Co., 
Rochester, N. Y., discussed the subject, 
“Process Safety in the Control of 
Solvents.” The general 
principles, advantages, and disadvan- 
thermal conductivity cells, 


combustion instruments, infrared and 


ultraviolet absorption and colorimetric 
| methods 


were discussed as various 
methods available for determination of 
solvent vapor concentrations in air. 


Reported by J. K. Pannill 


NORTHERN CALIFORNIA 


This section held its regular monthly 
meeting at the Engineers’ Club in San 
Francisco Feb. 5. Announced as officers 
for 1951 were R. W. Lundeen, chair- 
man ; H. D. Guthrie, vice-chairman ; and 
C. R. Wilke, secretary-treasurer. 

Following the dinner Ascher Opler, 
Dow Chemical Co., Pittsburg, Calif., 
addressed the group on the subject 
“Chemical Engineering Application of 
Computing Machines.” The speaker, 
project leader in charge of the physics 
laboratory in the research laboratory at 
Pittsburg, concentrated his discussion 
on digital equipment. He described the 
applications of punch-card machines. 
Use of the machines in greatly shorten 
ing the time for making multicomponent 
fractionation calculations, and a discus- 


sion of their value in rapidly reproduc- 


ing original compilations of data, were 
illustrated by slides. 


Reported by J. V. Hightower 


EL DORADO CHEMICAL 
ENGINEERS CLUB 


The first meeting of the Club for 1951 
was held Jan. 18 at the Garrett Hotel 
in El Dorado, Ark. Donald B. Keyes, 
A.C.S, tourist speaker, addressed a joint 
dinner meeting of the South Arkansas 
Section of A.C.S. and the El Dorado 
Chemical Engineers’ Club on the sub- 
ject, “Factors Involved in the Ap- 
praisal of a Chemical Development.” 
Dr. Keyes is presently a vice-president 
of Hayden Chemical Corp. Dr. Keyes 
mentioned three important factors that 
must be considered in the production of 
a new development. They are: produc- 
tion cost from test tube to finished 
product; probable profit, which, accord- 
ing to Dr. Keyes is especially hard to 
determine; and the length of life of 
the venture in regard to the turnover 
ot money. 


Reported by R. L. Alexander | 
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Why You Get Longer 
Service Life From 


PYROFLEX 
EQUIPMENT 


The workmen above are heat-bond- 
ing PYROFLEX thermoplastic cor- 
rosion-proof sheet lining to the steel 
shell of a pickling tank. The mason 
(below) is setting the first of two 
courses of acid-proof brick in KNIGHT 
acid-proof cement over the sheet lin- 
ing. The finished unit will be fully 
corrosion-proof to any type or com- 
bination of corrosives for which it was 
designed. 

Many different types of lini and 
construction are used in PYROFLEX 
Constructed Units depending on type 
of service. Each unit is designed to 
meet the needs of the individual situ- 
ation. 

PYROFLEX Constructions include: 

Absorbers 
Concentrators 
Chlorinators 
Cl. Drying Towers 
Gas Coolers 
Tanks 
Scrubbers 
Sumps 
Write for Bulletin No. 2F— 
PYROFLEX Construction. 


MAURICE A. KNIGHT 


ti 703 Kelly Ave., Akron 9, Ohio 
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PITTSBURGH 


The annual “Student Night,” spon- 
sored by this section, was held at Mellon 
Institute auditorium Feb. 16. Senior 
chemical engineering students from 
Pittsburgh district colleges and univer- 
sities, including delegations from Penn 
State College and West Virginia Uni 
versity, were the invited guests and 


heard Carleton C. Long, St. Joseph Lead | 


Co., Monaca, Pa., discuss “Chemical 
Engineering Employment.” Dr. Long 


outlined the diverse fields and types of | 


employers confronting the young grad- 
uate, and then concluded, “the job is 
what the engineer makes it.” 

The talk given by J. W. Raynolds, 
assistant manager of the chemicals di- 
vision of General Electric's chemical 
department before this section on. sili- 
cones was covered quite adequately in 
the Journal of Commerce for Feb. 2, 
1951, 

Reported by Hugh L. Kellner 


LOCAL SECTION CALENDAR 


BOSTON SECTION: Apr. 18, Hotel 
Lenox. Symposium on “The Engineer 
in Management.” 

CHICAGO SECTION: Mar. 21, Furni- 
ture Club of America, 666 North 
Lake Shore Drive. Speaker, NOR- 
RIS SHREVE, Purdue University. 
Subject—“Gems and Their Beautify- 
ing Qualities.” 

MARYLAND SECTION: Apr. 11]. Trip 
through the Sparrows Point Mill of 
the Bethlehem Steel Co. 

NEW JERSEY SECTION: Apr. 10, Calco 
Chemical Division, Bound Brook. 
Speoker, T. K. SHERWOOD, Massa- 
chusetts Institute of Technology. 


OHIO VALLEY SECTION: Apr. 4, Her- — 


man Schneider Foundation Building, 


Cincinnati. Speaker, HOMER R. | 


DUFFEY, Quaker Oats Co. Subject— 
“Furfural Production and Utilization.” 


SECRETARY'S REPORT 
(Continued from page 45) 


Commission. This appropriation was 
voted. There was considerable discus- 
sion of the activities of the E.J.C. Engi- 
neering Manpower Commission and it 
was felt that the Institute should con- 
tinue to participate fully in its activities. 

An appropriation of $164 was ap 
proved as the Institute’s share of the 
estimated operating expenses of the 
Water Resources Policy Panel of E.J.C. 
which is continuing its work in this 
particular field cooperating with the 
President's Commission in studying the 
National Water Policy. 

P.D.V. Manning was appointed as 
the liaison member of Council to the 
Professional Guidance Committee. 


Vol. 47, No. 3 


5 square MILES or 


ADSORPTIVE SURFACE 


Dryer than the desert—extremely porous—the 
multitudinous particles in a sack of FLOREX 
FULLERS EARTH have a total surface area be- 
yond belief, and an adsorptive capacity un- 
equalled by any other natural material with 
which we are familiar. 


If you are an industrial user of adsorbents for 
any purpose, Florex and other products of the 
Floridin Company should be of interest to you. 


FLOREX FULLERS EARTH 


High-pressure extrusion insures maximum effec- 
tiveness. 


BAUXITE-BASED ADSORBENTS 


Write for full data. The advice of a competent 
technical staff is offered. Your inquiry will get 
prompt attention. 


LORIDIN COMPANY 


Adsorhents... Desiccants... Diluents 


Dept. O, 220 Liberty St., Warren, Pa. 
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WHEN PURITY COUNTS 


CRUCIBLES + DISHES 


Immune to 
Extreme Chemical, 
Thermal and Electrical 
Conditions. Non-catalytic. Non- 
porous. 
VITREOSIL CRUCIBLES permit the 
production of compounds of real 
purity; and do not absorb material. 
it is possible to wind Vitreosi! Cruci- 
bles with wire for direct electrical 
heating. Made in glazed ond un- 
glazed finish. 
VITREOSIL DISHES for concentrat- 
ing, evaporating and crystallizing 
acid solutions. Made in lorge and 
small sizes and types as required. 
VITREOSIL TRAYS are made in two 
types; four sided with overflow lip 
at one end for continuous acid con- 
centration; and plain. Our Techni- 
cal Staff places itself at your 
disposal for further data. For details 
as to sizes, prices, etc., 


Write for Bulletin No. 8 


THE THERMAL SYNDICATE, LTD. 


East 46th Street 
New York 17, New veil 


sabbatical leave. 


| 
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PEOPLE 


Joseph C. Elgin has been appointed 
associate dean of the School of Engi- 
neering at Prince- 
ton (N.J.) Univer- 
sity. He will assist 
Dean Condit in ad- 
ministering the in- 
creased activities of 
the School. Pro- 
fessor Elgin, chair- 
man of the depart- 
ment of chemical 
engineering for 15 
years, is now on 
He will resume his 
duties as chairman and as associate 
dean in the fall 

In addition to his other duties, 
a consultant for the 
Commission and a trustee of Associated 
Universities, Inc., which operates 
Brookhaven National Laboratory at 
Upton, L. L, for the A.E.C. He also 
holds consulting positions with indus- 
try in the fields of plastics, rubber, and 
chemicals. 

During World War II he served the 
National Defense Research Committee, 
War Production Board, and the Man- 
hattan Project, Columbia University. 

A member of several professional 
Professor Elgin is the author 
of numerous papers and articles in 
scientific and technical journals. He 


he is 


societies, 


| also holds several patents. 


Professor Elgin received his Ph.D. 
degree from Princeton in 1929 and 
joined the faculty there the following 
fall. He became an associate professor 
in 1935, chairman of the department the 
following year, and was promoted to a 
professorship in 1939. 


Paul W. Bachman was recently ap- 
pointed director of research and devel- 
opment of The 

Davison Chemical 

Corp.. Baltimore, 

Md., as part of 

an expanded re- 

search program. 

An announcement 

to this effect was 

made by M. G. 

Geiger, formerly 

associated with 

Westvaco Chlorine 

Products Corp., South Charleston, W. 
Va., and since early last year executive 
vice-president of the Davison Chemical 
Corp. He also is a member of A.L.Ch.E. 
Dr. Bachman, a graduate of The Johns 
Hopkins University, has been with the 
company since 1949, joining Davison as 
manager of development planning after 
a service period with the Commercial 


| Solvents Corp. 
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Atomic Energy | 


Never thicker than its contents, this 
binder expands to hold 12 issues of 
Chemical Engineering Progress. 

No drilling, no punching, does not 
mor magazines. 

Available for all years, with Chemical 


| Engineering Progress, volume number 


Enclose check or money order. 
Use coupon below for order 


Gentlemen: | enclose $ for binder(s), 
@ $2.75 each, for each of ‘the following 


A.I.Ch.E. Announces. 
The Publication of 
“STUDENT CONTEST PROBLEMS 
and 
THE PRIZE-WINNING SOLUTIONS” 
1932-1949 
Now available in a single volume 


The Contest Problems have become a 
standard for chemical engineering educa- 
tion. Emphasis is placed upon the chemi- 
cal and physical sciences, as well as upon 
report writing and economics. 

Cloth bound $3.00 


Individual copies of the 1947, 
and 1949 Contest Problems and 
Winning Solutions available at $1.00 each. 
These have not been published previously. 

Send check or money order for your 

post-free copies today. 


1948 
Prize- 


AMERICAN INSTITUTE OF CHEMICAL 
ENGINEERS 


120 E. 41st Street 
New York 17, N. Y. 


I enclose $ for (dates) 


copies of 


“Student Contest Problems and the Prize- 
Winning Solutions.” 
Name: 


Address: 


BIN 
12 
ISSUES 
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= 

te and year stamped in gold on the back- 
fa bone. Delivery 4 to 6 weeks 
eee CHEMICAL ENGINEERING PROGRESS 
120 E. 41st St. 
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Forrest O. Calhoon has been named 
president of the Disco Co., a division L i QU | DS 


of Pittsburgh Con- 


solidation Coal Co., amped 
and also assistant 7 
vice-president of 4 
the parent com- rs 
iw 


pany. Mr. Calhoon 

went to Disco early 

in 1948 after more 

than 20 years’ ex- 

perience in the 

manufacture of tar 

products and in- 

dustrial chemicals. His first position 

with Disco was assistant to the presi- 
dent, and he was advanced to vice- - 7 CORROSION _ 

president in 1950. Active in several 

professional associations, Mr. Calhoon SIGMAMOTOR 

is vice-chairman of the Pittsburgh Sec- : 

tion of A.LCh.E. Chemical research workers and process engineers ere 

‘ finding the new SIGMAMOTOR a reliable and inexpen- 

sive aid in moving fluids. You avoid high costs of 


in rubber or gle ti bece the 
NANTZ, VITTONE NOW cere take 


AT INSTITUTE PLANT ee the pressure of “Fingers” on flex- 
ible tubing. 
Two members of A.I.Ch.E. are in- VS In the laboratories of the Hooker 
cluded among recent appointments at Electrochemical Company (illus 
trated above), the SIGMAMOTOR 
the government synthetic rubber plant is used for routine gas sampling 
at Institute, W. Va., operated by the | and analysis. 


B. F. Goodrich Chemical Co. can be small or propor. ENTERPRISES, 
J : tional flows © or more liquids. Flow rates range from 
Tom B. Nantz, former Hycar pro- iY to 30 gals. per hr. without speed changes. Quictly 9 VERNON sT. 


duction manager at the company’s Geon adaptable to handle different fluids and solids in solution. MIDDLEPORT + 
plant at Louisville, Ky., has been named Send TODAY for complete, detailed folder on the NEW YORK 

plant manager and will be responsible | efficient, economical SIGMAMOTOR. 

for the operation of the 90,000 long-ton | — —— . . 
capacity plant. A graduate of the Uni- - 

mr of Kentucky, Mr. Nantz has SEMI-DIRECT-HEAT DRYER 
been with Goodrich since 1937. During ELIMI NATES COOLE R 
World War II he served as manager | 

of technical service at the Lone Star One of the features of the Ruggles- 
Defense Corp. ordnance plant at Tex- Coles Class XA, Semi-Direct-Heat, 
arkana, Tex., which was operated by Rotary Dryer is the fact that by a 
Goodrich for the government. Since slight change in construction it may 
1943 Mr. Nantz has held various tech be made to serve the function of both 
nical and production supervisory posi- dryer and cooler, in a single unit. 

tions in Gr-S and Hycar American Its double-shell, two-pass construction 
rubber manufacture at the Louisville — makes it one of the most efficient 
Gr-S and Geon plants. He served as =: © dryers built. Very low dust loss also. 
general foreman at the Louisville Gr-S : =m Write for Bulletin 16-D-40 

plant until 1945 and then became pro- 
duction manager of Hycar American 
rubbers at the Geon plant. Reference 
to Mr. Nantz was made in a news ac- 
count in the January issue of “C.E.P.” 
page 28. 

Anton Vittone, former production 
manager of vinyl materials at Good- 
rich’s Louisville plant, is now produc- 
tion manager at Institute. A graduate 
of the University of Washington, Mr. 
Vittone joined Goodrich in 1942 after 


several years with the Wyandotte Chem- H A R big D I N : G E 
icals Corp. Since 1942 he has held ve . 
various supervisory jobs in the manu- COMPAN Y - INCORP OR A T ED 


facture of Gr-S, Hycar American rub- 


ber, and Geon polyvinyl chloride. In | YORK, PENNSYLVANIA— 240 Arch St. Main Office and Works 


1949 he was sent to England on special 
assignment to British Geon Ltd., an NEW YORK 17 @ SAN FRANCISCO Ii e CHICAGO 6 @ HIBBING, MINN. e TORONTO 1 
affiliate of B. F. Goodrich. 122 E. 42nd St. 24 California St. 205 W. Wacker Dr. 2016 First Ave. 200 Bay St. 
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Eacu channel in a Bauer Magnetic Grate is a maguetic 
field of high intensity. Irresistible pull is exerted upon 
all ferrous pieces and particles entering the magnetic 
helds. 

Mounted above the Magnetic Grate is a wire grid 
which baffles the material and deflects it against the 
magnetized poles. This not only assists in separating 
the tramp iron, but also screens out sticks, straws, 
strings, ete. 


It is a very simple task to install a Magnetic Grave 
in a floor opening, hopper bottom, or vertical spout. The 
grate is simply jaid upon a frame so that it can be 
lifted out occasionally for cleaning. 

Magnetic Grates are also used for removing iron 
objects, filings, and rust from liquids. 

We usually build the grates to order in wanted sizes 
x4” up to 6’ or 8 square. Ask for Bulletin 
M-3-A and specific information. 


from 2 


THE BAUER BROTHERS COMPANY 
1794 Sheridan Ave. * Springfield, Ohic 


Nicholson Makes 


Freeze-Proof Steam Traps 
for Every Plant Use 


Because they drain completely when cold, these four types of Nichol- 
son steam traps are positively freeze-proof. Can be freely installed 
outdoors. Universally recommended for use 


in lines which need not be in continuous 
use during cold weather, because they are 


freeze-proof and because their 2 to 6 
times average drainage capacity results in 
minimum heat-up time. The f 


non-air-binding feature of 


Nicholson traps 
also notably fa- 
cilitates steam 
transfer in severe 


weather. 


W. H. NICHOLSON & CO., 214 Oregon St., Wilkes-Barre, Pa. 


TYPE AHV 


Four types: size 
V4" to 2"; press. 
fo 225 Ibs. BUL- 


LETIN 450. 
TYPE AU 


HIGH-PRESSURE FLOATS—Stainless, monel, steel 
or plated steel. Welded. In all sizes and shapes; for 
operating mechanisms and as tanks or con Saep 
delivery. BULLETIN 650. 
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| Joe B. Holmes has been named su- 

pervisor of manufacturing of the new 

West Coast organ- 

ization of the 

chemical _depart- 

ment of the Gen- 

eral Electric Co. 

He will maintain 

offices at the chem- 

ical department's 

plant in Anaheim, 

Calif., which man- 

ufactures G-E 

Glyptal alkyd re- 

sins used in paizts. A graduate of the 

University of Missouri with a B.S. in 

engineering, Mr. Holmes went to Gen- 

eral Electric in 1939 as a chemical engi- 

neer. Subsequently he became a chem- 

ical engineering group leader in charge 

of process development and design for 

synthetic organic chemicals and resins 

and still later section head of the engi- 

neering division with responsibility for 
chemical process development. 


Earl F. Arnett is now in charge of 
the Pittsfield (Mass.) chemical process 
development section of the General 
Electric Co.'s chemical department. Mr. 
Arnett first went with the company in 
April, 1940, as a chemist in the research 
section of the new products development 
laboratory. Subsequently he went to the 

| chemical engineering section of the 
laboratory, became a chemical engineer 
for the process development section of 
the engineering division, and supervisor 
of pilot plant operations for that sec- 
tion. Prior to going to G.E. he worked 
as chemical engineer for the Three 
Rivers Oil Refining Co., and the Stan- 
dard Oil Company of Louisiana. 


John A. Scott will head the newly 
| created and staffed petroleum chemicals 
division recently 

set up by Sinclair 

Refining Co. Mr. 

Scott joined the 

Sinclair organiza- 

tion in 1934 as a 

chemical engineer 

in the research and 

development de- 

partment at East 

Chicago upon grad- 

uating from the 

University of Minnesota with a degree 

in chemical engineering. In 1944 he was 

transferred to Sinclair's Corpus Christi 

refinery, where he worked on the design, 

construction and initial operation of the 

| alkylation unit. In 1945 he came to 

New York as assistant to E. W. Isom, 

| vice-president in charge of research and 

development, a position he held until his 

present appointment. Initially the new 

division’s efforts will be devoted to spe- 

cialized petroleum fractions and petro- 

chemicals now manufactured, such as 
aromatic solvents. 
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| CHANGES IN WILLIAMS’ 


PLATE FABRICATION 


CHROME IRON ALLOYS 
CARBON STEEL 
CHROME NICKEL 

SILICON BRONZES 

MONEL ALUMINUM 

NICKEL CLAD STEEL e ETC. 


Towers, Pressure Vessels and Gen- 
eral Plate Fabrication manufac- 
tured with trained personnel and 
up-to-date equipment. Our Engi- 
neers will assist in designing to 
meet your requirements. 

Good Design — Right Material — 
Expert Workmanship at a Fair Price. 


HEAT EXCHANGERS A SPECIALTY 


Fabricators and Designers for More 
Than 30 Years 


Use our valuable new Bulletin as « 
handy reference ide contains 

rtial anal of 1950 ASME. Code 
‘or Unfired Pressure Vessels. 


Downingtown Iron Works, Inc. 
Downingtown, Pa. 

STEEL & ALLOY PLATE FABRICATION 
HEAT EXCHANGERS | 


Time, Tabet, Dollars! 
TEST» STUDY CONTROL 


VISCOSITY 


AS Simply, Quickly and Easily 
as Taking Temperature Readings 


Just a flick of a switch, then read the 
Brookfield dial, and you have your vis- 
cosity determination in centipoises. The 
whole operation, including cleaning up, 
takes only a minute or two. 

Available in a variety of models suit- 
able for extremely accurate work with 
both Newtonian and non-Newtonian 


materials, Brookfield Viscometers are 
portable and plug in any A. C. outlet — 
can be used in Lab, Plant or both. 

Write today for fully illustrated cata- 
showing Brookfield Viscometers 
edegtahio to any viscosity problem from 
less than one to 32,000,000 centipoises. 


BrookrieLp Counter-Rotar- 
ING MIxEr — Two concentric, 
oppositely rotating shafts, pro- 

ler equipped and driven by 
two motors, produce an annular 
flow and up to 48,000 scissor- 
like cuts/minute. Enable excep- 
tionally fast, effective and 
efficient laboratory mixing. Not 
a “stirrer.” Write for Brookfield 
MIXER brochure. 
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| search 


| Chemical Corp. 
| chemical engineering from Ohio State 


EMERYVILLE PLANT | 


Bruce E. McNay, production man- 
ager at C. K. Williams & Co., Emery- 


| ville (Calif.), plant is leaving that locale | 
| to assume new duties and responsibili- 
ties in the company’s organization at the | 
| East St. Louis (Ill.) plant. 
| will take charge of a development proj- | 
ect concerning the company’s expansion 


There he 


program. 


Eric Ratcliffe, plant superintendent, 
succeeds Mr. McNay at Emeryville. 
Mr. Ratcliffe has served in the capacity 
of plant superintendent for the past five 
years since his graduation from the Uni 


versity of Washington where he took | 


his degree in chemical engineering. 


Walter A. Myrick, III, formerly as- 


sistant manager of the Plains Builders 
Supply Co., Lubbock, Tex., is now sen- 


| ior chemical engineer, Sinclair Rubber, 


Inc., Houston, Tex. 


Robert Alldredge is now in charge 


of a new district sales office of the Pat- | 


terson Foundry & Machine Co., located 


in Denver, Col. 


dustries in Colorado, Utah, New Mex- 


ico, and Wyoming. Mr. Alldredge was | 


formerly professor of engineering, All- 
dredge & Horbit. 


L. G. Bortolin is now in the employ 


of Dominion Rubber Co., Ltd., as a 
development engineer. He had prev- 
iously been associated with 
Celanese Ltd. 


E. E. Kimmel has been appointed 
technical adviser for the chemical di- | 


vision of Koppers 
Co., Inc. In his 
new position he 
will be responsible 


for coordination of | 


all technical mat- 
ters relating to the 
development, sale, 
and use of products 
presently produced 
or contemplated for 
production by Kop- 


| pers chemical division. Before joining 
| Koppers as assistant to the technical ad- 


viser for the chemical division in 1949, 
Mr. Kimmel was manager of the re- 
laboratory for coal chemicals 
and synthetic resins of the Interlake 
He received a B.S. in 


University. Subsequently he joined the 
Carnegie-Illinois Steel Corp. as a re- 
search chemist in coal chemicals at 
Clairton, Pa., and from 1942-45 was a 
research engineer with the Battelle 
Memorial Institute, Columbus, Ohio. 
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This office has been | 
| established to provide faster, specialized 
| service to the chemical processing in- 


Canadian 


e THOROUGH PROTEC- 
TION is your greatest asset 
when you specify Haveg corros- 
ion resistant processing equip- 
ment. Haveg is not a lining—not 
a coating —but a corrosion resis- 
tant structural material through- 


Out its entire mass. 


It is strong, light in weight, 
has a low coefficient of expan- 
sion, withstands thermal shock 
and can be used continuously at 
temperatures as high as 265°F. 


For efficient, safe, trouble-free 
handling of practically all acids, 
bases, salts, chlorine and sol- 
vents—standardize on Haveg 
processing equipment for thor- 
ough protection. Get all the de- 
tails now —write for your copy 
of the new 64-page Haveg Bul- 
letin F-6. 


cORPOR 


NEWARK 99,DE 
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HAVEG 


HIGH PRESSURE 
PUMPS 


UP TO 30,000 PSI 


30 YEARS’ EXPERIENCE 


@ HYDRAULIC PUMPS—Hand - oper- 
ated and motor driven up to 30,000 
psi. 


@ HYDRAULIC PRESSURE INTENSI- 
FIERS—Up to 100,000 psi. 


@ GAS COMPRESSORS—Up to 15,000 
psi. 
@ GAS BOOSTER PUMPS—Hand-oper- 


ated and motor driven; up to 15,000 
psi. 


@ HYDRAULIC PRESSURE GENERA- 
TORS—Up to 30,000 psi. 


CIRCULATORS—Up to 6,000 


Other 
Paoduclt 


REACTION VESSELS 

FITTING & TUBING 
PILOT PLANTS 
INSTRUMENTS 

VALVES 

on 

matched fund of experience which 

your disposal for the solution of 

specific high-pressure problems. 


Write for Catalog 406-E 


SJ 


AMERICAN INSTRUMENT CO. 
Silver Spring, Maryland 


CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in 
advance, and are placed at 5c a word, with a minimum of four lines accepted. Box number 
counts as two words. Advertisements average about six words a line. Members of the 
American Institute of Chemical Engineers in good standing are allowed one six-line insertion 
free of charge per year. More than one insertion to members will be made at half rates. In 
using the Classified Section of Chemical Engineering Progress it is agreed by prospective 
employers and employees that all communications will be acknowledged. and the service is 
made available on that condition. Boxed advertisements one-inch deep are available at $15 
an insertion. Size of type may be specified by advertiser. In answering advertisements all 
box numbers should be addressed care of Chemical Engineering Progress, Classified Section, 
120 East 41st Street, New York 17, N. Y. Telephone ORegon 9-1560. Advertisements for this 
section should be in the editorial offices the 20th of the month preceding the issue in which 
it is to appear. 


SITUATIONS OPEN SITUATIONS WANTED 
A.1.Ch.E. Members 


CHEMICAL ENGINEER 
Chemical Engineer—-M.S. Certified profes- 


Large Western New York synthetic sional engineer. Eleven years’ diversified 
organic chemical plant, noted for its experience in design, development, process 
high-quality manutacturing standards. improvement and maintenance. Desire re- 
has attractive permanent position for sponsible position as senior engineer. Box 
chemical engineer with 2 to 3 years’ 3-3 
industrial ~ = engi- 
neering projects ibera starting Chemical Engi Construction —B.S.Ch.E 
inorganic chemica plant esign, layout, 
Reply Field experience equipment inspection, 
fide: pile footings. Desire position as an ex- 
sonnel Relations, Box |-3 Box 4-3 


Plastics Chemical Engineer—Ph.D Out- 
ding twenty-year career in invention, 
Wanted—Associate or full professor of Pe- yen 
troleum Production Engineering in a lead- and supervision = 
ing institution Must have successful acture of synthetic resins, molding com- 
rofessional and research background. pounds and paper additives. Wish to re- 
refer man qualified in phase relationships locate as head of or advisor on develop- 
of off and gas mixtures, petroleum reser- ment, market analysis, negotiator, or simi- 
voir engineering and design. Work to be- lar position. Will travel. Languages; 
gin September fifteenth. Box 2-3. writing and speaking ability. Aggressive 
and congenial personality Moderate 
Head of Classifying and Filing Section in salary requirement. Consulting connection 
Technical Information Division of Research acceptable. Box 5-3. 
Laboratory.—-Position will require ability, 
training. and preferably experience 
chemical engineering or chemistry, plus Ph.D. Candidate—in chemical engineering 
training or experience in technical filing. with industrial management minor desires 
Work will involve planning and super- summer employment Opportunity for 
visory aspects and coordination of depart- mutual observation prior to permanent em- 
mental filing systems and files. ployment. Three years graduate work, 
rience, education, and B.Ch.E., M.S., scholarships, honor and pro- 
Ethyl Corporation, 1600 W. 8 Mile fessional societies. Wilmington-Philadel- 
Ferndale 20, Detroit, Michigan. phia area preferred. Draft exempt. Age 
24. Box 6-3 


Chemical Engineers—to do process research. 
must be graduate of recognized engineer- a 
ing college with some experience, married Project Engineer—-B.S.Ch.E.. age 32. Nine 
and 25 to 40 yeers old. Florida industry. years’ diversified experience in chemical 
Give full information with salary expected plant operations and design and oil re- 
in first letter. Address all correspondence finery lesign. Desire responsible super- 
to P.O. Box 3269, Tampa |, Florida. y position with aggressive company. 

j accept either domestic or foreign 

Wanted—Chief chemist for laboratory in assignment. Box 7-3 
who conducts chemical 
and physical tests on rubber. Must be an . — J 
~ HE — and teaching. pilot plant supervision, economic 

evaluation. Desire long term university, in 

dustrial research or development. Box 6-3. 


WH WH Chemical ae, Ph.D., 1948; 
(© AND AT! Tau Beta Pi, Sigma Xi, Phi Lambda _ 
. silon. Experience in research and develop- 
NOTE: POSITION SEEKERS ment since graduation. Desire position re- 
Who's wanted What's offered... quiring imagination, initiative, resource- 
fulness and leadership. Any location. 
NOTE: EMPLOYERS Box 9-3 
Who's available... What's the expe- 
rience... 


Sales Engineer——BS.ChE., 1942. Age 32. 
married, one child. Eight years’ process 
and sales experience. No military service 
Desire to represent rogressive equipment 
or instrument manufacturer. Box 10-3 


You as an employer or tential em- 
ployee owe it to yourself to investi- 
ate the monthly pages of Chemical 
ngineering Progress Either ste 
into a better position offerin 
lenging opportunities—or build, en- Chemical Engineer—M.S.. U. of Mich. Age 
large or expand your staff with the 27, veteran, family. Three years process 
best in the field—with the help of development in synthetic organics. Desire 
Chemical Engineering Progress. development or production position oil or 
chemical company west of Mississippi. Box 
11-3 
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Walter A. Schmidt, president and 
general manager of the Western Pre- 
cipitation Co., Los Angeles, has been 
re-elected a director-at-large of the 
American Chemical Society for a four- 
year term. Mr. Schmidt served as an 
engineer on the staff of the Western 
Precipitation Co. from 1908-11. Subse- 
quently he became president and gen- 
eral manager. He also is president of 
the Precipitation Company of Canada, 
Ltd., Montreal, and the International 
Precipitation Co., and is an officer and 
director of the Westwell Chemical Co., 
Whittier, Calif. 

Herbert W. Yeagley, who has been 
serving as Washington representative of 
the Monsanto Chemical Co., since 1949, 
has been granted a leave of absence to 
attend the advanced management course 
at Harvard University Graduate School 
of Business Administration. After com- 
pleting his studies, he will be assigned 
to the company’s organic chemicals di- 
vision at St. Louis. Mr. Yeagley has 
been with Monsanto since 1942, when 
he joined the John F. Queeny plant as 
control chemist. He later became re- 
search engineer and assistant furnace 
supervisor in the phosphate division 
prior to joining the Washington staff. 


Luis H. Bartlett, formerly with the 
Engineering Experiment Station of the 
Louisiana State University, Baton 
Rouge, La., is now with the department 
of chemical engineering at Oklahoma 
A. & M. College, Stillwater, Okla. 


E. H. Smoker has been appointed 
operating manager and W. D. McElroy, 
gas engineer, in the United Gas Im- 
provement Co.’s operating department 
headquarters staff in Philadelphia, Pa. 


Cyrus W. Richardson has recently 
become associated with the Northwest 
Lead Co., Seattle, Wash., as metallurg- 
ist. He was formerly plant superin- 
tendent with Manganese Products, Inc., 
in the same city. 


W. E. Fremgen, previously employed 
by Carthage Hydrocol at Brownsville, 
Tex., has returned as a process engineer 
with the Lago Oil & Transport Co., Ltd., 
Aruba, Netherlands, West Indies. 


E. W. O'Keefe, formerly with 
Charles F. Pfizer & Co., has joined the 
technical department of the Niagara 
Falls Geon plant of the B. F. Goodrich 
Chemical Co. He will work on develop- 
ment of process improvements. 


James F. Culverwell is now em- 
ployed as an engineer in the engineering 
department of the Du Pont Co., at Wil- 
mington, Del. Previously he was a 
graduate student at Northwestern Uni- 
versity, Evanston, IIL, and prior to that 
a graduate assistant at Pennsylvania 
State College, State College. 
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SEND FOR PSC 


BUBBLE CAP BULLETIN 21 


Largest Compilation of Engineering Data. 
Lists 200 Styles Furnished Without Die Cost. 


This A dA c ph 
specification information for over 200 
standard styles of bubble caps and risers. 
Also drawings for use in determining 
methods of tray assembly. All styles list- 


THE PRESSED STEEL CO., 708 WN. Penna. Ave., Wilkes-Barre, Pa. 


caps gladly designed; 
write as to your needs. 


Custom Fabricators for the Process Industries Since 1928 Send Your Blue P 


ed in Bulletin 2! are furnished promptly, 
without die cost, and in any alloy to meet 
your coking or corrosion problems. Special 


tints 


165 BROADWAY 


Chemical 


Engineers... 


THE FOSTER WHEELER CORPORATION specializes 
in the design and construction of processing plants for the 
petroleum industry. We are now expanding our organiza- 
tion for the design of processing units for the chemical 
industry and invite applications for employment from senior 
chemical engineers capable of directing this activity. Expe- 
rience should include the design and/or operation of any of 
the following industrial plants: synthetic ammonia plants 
including the manufacture of nitric acid, nitrates and sul- 
phates of ammonia; plants for the production and purifica- 
tion of olefins and aromatics from hydrocarbon feed stocks; 
plants for the synthesis of alcohols, glycols, detergents, etc. 
All replies will be treated in confidence. This is an oppor- 
tunity for a few well-qualified engineers to acquire key 
executive positions and stable employment in an organi- 
zation that has been in business for 50 years and is proud 
of its reputation with its customers and its employees. Mail 
complete resume of qualification, indicating salary require- 
ments, to Personnel Director. 


FOSTER WHEELER CORP. 


Qualified personne! will be invited to 
New York at our expense for interview 


NEW YORK 6,N.Y. 
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PACIFIC 


CORROSION RESISTANT % 


VALVES 


150 LB. SERIES 
GATE VALVE 

O. S. & Y.-Bolted Bonnet 
Fig'd. Ends: to 
Ser'd. Ends: 4” to 3” 
Manufactured to M.S.S. 
St'ds. Also Aveilable 
with A.S.A. Flanges. 


150 LB. SERIES 
GATE VALVE 
Inside Screw, Screwed 
Bonnet, Solid Wedge 
Scr'd. Ends: '4” to 2” 
Manufactured to 
M.S.S. St'ds. 


600 LB. SERIES 
GATE VALVE 
O. S. & Y. Bolted Bonnet 


A.S.A, and A.P.1, St'ds. 


150 LB, SERIES 
GLOBE VALVE 
O. S. & Y.-Bolted Bonnet 
Fig'd. Ends: 4” to 4” 
Ser'd. Ends: to 
Manufactured to 
M.S.S. St'ds. 


=- 


150 LB. SERIES 
SWING CHECK 
Bolted Bonnet 
Fig'd. Ends: to 4” 
‘Ser'd. Ends: to 


Valves are reguiarly 
r Alloy 20 Stainiess Steels 


shed 
Other 
oys, including 
enc Mastelioy car be 


availaole Corrosion Resistert A 
Mone 


PACIFIC VALVES, INC. 


3201 WALNUT AVE., LONG BEACH 7, CALIFORNIA 

TELEPHONES: LB. - 40-5451; Los Angeles - NEvade 6-2325 

TELETYPES: 1.8. - 8-8076; New York City - 1-1077 
Houston, Texas - HO 489 
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D. F. SMITH WITH 
DAVIS & GECK, INC. 


David F. Smith recently joined Davis 
& Geck Inc., a subsidiary of American 
Cyanamid Co., as director of develop- 
ment. He will have the responsibility 
for the development of new products. 

He has recently been director of re- 
search, development and control and 
member of the board of directors of 
Johnson and Johnson and director and 


vice-president of the Research Founda- | 
tion. He is the author of 33 published | 


scientific papers and patents. 
Dr. Smith was born in Springdale, 


Conn., and was educated at California | 


Institute of Technology where he re- 
ceived the Ph.D. degree in physical 
chemistry and physics. 


J. Paul Ekberg, Jr., has been ap- | 


pointed to fill the newly created post of 
assistant manager of petroleum chemi- 
cals sales of Monsanto Chemical Co.'s 


organic chemicals division. Mr. Ekberg | 
_ has been with Monsanto since 1940 when | 


he was graduated from Yale University 


with a B.E. degree in chemical engineer- | 
ing. He was employed as an analytical | 
| chemist and production supervisor prior 
| to entering petroleum chemicals sales in 


1946, 


William P. Bebbington, formerly 
with the planning division of the poly- 


| chemicals department, has been trans- | 


ferred to the atomic energy division of 
the explosives department of the Du 
Pont Co. He is serving in the capacity 


| of chemical engineer at Wilmington, 
| Del. 


E. F. Wagner is now director of the 
technical service of the Chicago office 


of the Witco Chemical Co. Previously | 
| he was director of research. The com- 


pany is broadening its technical service 


| department to provide industry with 
| more information on critical materials 


and substitutes in order to help offset 


| shortages that lie ahead in its field. 


J. S. Chowning, formerly with the 


Lapp Insulator Co., LeRoy, N. 


Works, Corning, N. Y. His title is 


manager of the plant equipment sales | 


department. 
James R. Gaskill has 


Calif., which he served as research and 


| development engineer. He is now with 


the California Research and Develop- 
ment Co. as chemical engineer. 


Robert J. Keating, formerly purchas- 
ing agent of Orchard Bros., Inc., is now 
secretary-treasurer of the company. 


John T. Hegeman was recently ad- 
vanced from plant chemist to assistant 


| kraft superintendent with the Brown 


Co., Berlin, N. H. 
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now employed by the Corning Glass | 


severed his | 
| connection with the Avoset Co., Gustine, | 


MERCO 


THE ONLY 100% MERCURY 
oa SWITCH EQUIPPED CONTROLS 


feature of Mercoid Controls 
use of Mercoid hermetically 
seoled mercury switches. These switches ore 


pe 


if you have a contro! problem involving the automatic 
contro! of sure, jature, liquid level, mechan- 
ical operations, etc., it will pay you to consult 
Mercoid's engineering staft— always at your service. 


Complete Mercoid Catalog sent upon request. 


HIGH VACUUM PUMPS 
REQUIRE CLEAN OIL 


VACUUM PUMP USERS 


INSTALL HILCO 


OIL RECLAIMER SYSTEMS 
TO KEEP LUBRICATING 
AND SEALING OILS FREE 

OF sonies, 


$s 
WATER 
ano GASES 


tae HILCO 
RECLAIMER 
is COMPLETELY 
AUTOMATIC 
FOR BETTER VACUUM AND REDUCED 
VACUUM PUMP MAINTENANCE 
COSTS INVESTIGATE THE 


HILCO RECLAIMER 


- WRITE FOR FREE LITERATURE 
A RECOMMENDATION WiLL 
BE MADE .. NO OBLIGATION 
ON YOUR PART. 


THE HILLIARD CORP. - 
144.W. 4th ST, ELMIRA, 


1N CANADA — UPTON BRADEEN JAMES LTO 
990 BAY ST.. TORONTO-3464 PARK AVE MONTREAL 
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aa} i not subject to dust, dirt or corrosion, thereby 
essuring better performance ond longer control 
| life t 
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WE MERCOID CORPORATION. $201 BELMONT AVE. 41 
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Superior Quality 
OPTICAL INSTRUMENTS 
of all for 

RESEARCH AND CONTROL 


HILGER LARGE 
FULLY AUTOMATIC 
QUARTZ 


SPECTROGRAPH 
Ask for catalog H-1 


Prism and Grating Spectrographs 
Microphotometers, Source Units and Accessories 
Microscopes—Medical, Stereoscopic, Ultra-Violet 
Polarizing, Metallurgical 
Polarimeters and Saccharimeters 
Refractometers—Abbe, Pulfrich, Projection, 
Differential 
Uttra-violet Spectrophotometers 
Infra-red Spectrophotometers 
Monochromators and Spectrometers 
Raman and Vacuum Spectrographs 
Interferometers 


Write for catalogs 


JARRELL-ASH COMPANY 
165 NEWBURY STREET BOSTON 16, MASS. 


“If it’s an optical instrument, think of Jarrell-Ashi” 


57 
Haynes Stellite Div. ............ 8 
Hilliard Corp., The 

Hills-McCanna Co. 

Jarrell-Ash Co. 

Knight, Maurice A. ............. 52 
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Stephens-Adamson Mfg. Co 
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Thermal Syndicate, Ltd. ......... 540 
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Inside Front Cover, 8, 
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| problem? 


IS VACUUM 
THAT'S 99.99% PERFECT 


good enough for your process? 


Tus ee of vacuum is easily 
obtained with the Croll- ids four or 
five-stage steam jet EVACTOR, with no 
moving parts. Each stage from a technical 
standpoint is as simple as the valve that 
turns it on. Numerous four-stage units are 
maintaining industrial vacuum down to 0.2 
mm. and less, and many thousands of one, 
two and three-stage units are maintaining 
vacuum for intermediate industrial require- 
ments on practically all types of processing 
equipment. 

By water, aqueous solutions or any volatile liquid to evaporate 
under high vacuum and without heat from an outside source, pon BTU's can 
be removed to chill the liquid down to 32° F., or even lower in the case of solu- 
tions. This is the principle of the Croll-Reynolds “Chill-Vactor.” Hundreds of 
these have been installed throughout the United States and in several foreign coun- 
tries. 


An i years experience has specialized on this type of 
equipment and Why not write today, outlining your vacuum 


(aR CROLL-REYNOLDS CO., INC. 


aha)  Chill-Vactors Steam Jet Evactors Condensing Equipment 
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ing staff of many 
is at your service. 
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BROWN FINTUBE 


TANK HEATERS 


install in new-—or existing—tankage 


@ Brown Fintube Thermo-Flo Tank Heaters 
are vastly superior to the old method of heating 
with a coil of bare pipe installed in the bottom 
of the tank. Thermo-Flo Heaters mount verti- 
cally, practically eliminating any depositing on 
the tubes. They avoid heating through a layer of 
sediment, and set up a thermal flow or siphon 
within the tank that assures thorough, rapid 
heating, avoiding stratification. 


Thermo-Flo Heaters are compact units. They 
pass through a standard manway with ample 
clearance. They can be installed quickly; discon- 
nected easily; and cleaned or repaired outside 
the tank. 


The TF-20 Heaters, pictured above, have 265 
square feet of surface. They are highly endorsed 
by operating and maintenance men, built in 
large quantities and are moderately priced. Avail- 
able in mild steel, stainless steel, monel, inconel, 
aluminum, admiralty and other non-ferrous 
alloys to meet any requirement. 


Write for Bulletin No. 491. It gives full details. 


THE BROWN FINTUBE CO. (Re 


ELYRIA, OHIO | 
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<a Single Heaters Heaters Heaters Heater 
Heater Manifolded Manifolded Manifolded Mounted on 
a” Installation on the Outside on the Inside on the Inside Roof Manhead 2 
ae Users report that the cost of a group of a 
cap. Brown Fintube Thermo-Flo Tank Heaters — “ 
ok plus their installation— is less than the cost 
cat. of just installing a bare pipe heating coil of a 
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Ain 
Milton Roy Controlled Volume Pumping 
Systems May be Your Answer 


With these pumps hydraulic pressures up to 25,000 
psi may be obtained and maintained automatically. 


You can pump in volumes up to 405 GPH and as 
little as 2.5 cc per full stroke—and regulate capacity 
while operating. 


As many as a dozen or more liquids can be pumped 
in precise ratio, one stream to the others. 


Chemicals, corrosives, sludges and slurries, solids and 
fibres in suspension, other “difficult” materials can 


be pumped. 


They are ideal pumps for use where explosion haz- 
ards are present—the answer to the Safety Engineer's 
prayer. 


Available are an almost endless variety of low cost 
pneumatic controls (also manual, mechanical, elec- 
trical and electronic controls) with which to engineer 
completely automatic feed systems. 


Milton Roy “aiROYmetric” pumps offer you oppor- 
tunities for savings that may well amaze you. New 
Bulletin +450 contains all details, capacity-pressure 
tables, shows many types of automatic control equip- 
ment. Contains also drawings of typical systems for 
hydrostatic test purposes, blending or formulating, 
bottle filling, sampling industrial wastes, etc. 


Write for Bulletin +450. Ask for recommendations 
on specific pumping problems. 


1379 MERMAID LANE, CHESTNUT HILL. 


. 
«wt 
PHILA. 18, PA. 


CONTROL 
INSTRUMENTS 


NEW! 
LOW-CAPACITY MAGNABOND 

FLOW METER 

The MAGNABOND meter which has won wide acceptance in 

the chemical and process industries has been extended in scope 


to cover new low flow rates. These low flow ranges can be in- 
dictated, recorded, and/or controlled accurately with unequalled 


economy and are especially suitable for pilot plant and semi- double magnetic 
: action consists of 
works operations. beth attraction of 
RANGE OF CAPACITIES 
Smallest size Largest size o> 
MAGNABOND meter MAGNABOND meter sure positive. 


MAXIMUM MINIMUM (MAXIMUM = MINIMUM 
"OSSGPM | OOS3GPM | *5500GPM | 550GPM 


_**1.40 SCFM | 0.140 **15,000 SCFM] 1500 SCFM 


* In terms of water equivalent 
**In terms of air equivalent ((@ 14.7 psia & 70° F) 


SAFE, POSITIVE, FRICTIONLESS COUPLING MAGNABOND- 
A patented magnetic transmission of float position from a tor and pneumatic 


_femote trans- 


metering tube to an external follower makes possible a eatesee 


new degree of safety and convenience in instrumentation. 
Pressure-tight bearings are eliminated and the unique 
MAGNABOND eliminates the possibility of separation of 
float and follower no matter how fast or how often flow 
rates change. : 
The MAGNABOND Flow Meter measures, controls, ond tastallation of 
totalizes corrosive, inflammable, or opaque fluids—at high : 
pressure or high temperature—with dependable accuracy. 
WRITE FOR CATALOG 50 


PROCESS 


FISCHER & PORTER COMPANY 
HATBORO, PENNSYLVANIA, U.S.A. 


SALES ENGINEERING OFFICES Tree THe 
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‘ 
| 
- 735 Flow. 


